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INTRODUCTION. 

THE  inversion  of  cane-sugar  by  salts  has  been  studied  by 
Walker  and  Aston\  who  determined  the  affinity  of  weak 
organic  bases  by  ascertaining  the  extent  to  which  their  hydro- 
chlorides are  decomposed  by  water  from  the  speed  with  which 
solutions  of  these  salts  invert  sugar.  They  also  measured  the 
speed  with  which  sugar  is  inverted  by  the  nitrates  of  lead,  cad- 
mium, aluminum,  zinc,  and  hydrogen.  The  work  on  the  inor- 
ganic salts  was  conducted  at  SoX.,  the  sugar  solution  used  being 
about  ten  per  cent.  The  results  are  given  in  Table  I,  the  coef- 
ficient C  indicating  the  speed  of  the  inversion. 

Table.  I. 

Hydrolvsis  per  cent. 
Nitrates.  C.  in  equW.  |  solution. 

Cadmium  (^) • 0.000154  0.014 

Zinc  (5) 0.000207  0.019 

Lead  (;) •• ..  0.001590  0.015 

Aluminum  (S) 0.007700  0.700 

Hydrogen  (^) 0.002250 


•  •  •  • 


As  the  speed  of  inversion  is  proportional  to  the  concentration 
of  the  hydrogen  ions  present  (the  latter  being  formed  by  the 
hydrolysis  of  the  salt)  the  coefficients  represent  roughly  the  rel- 
ative strengths  of  the  respective  bases.     In  the  last  column  of 

J.  dum.  Soe.t  I<ondon.  67,  576. 
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the  table  are  the  percentages  of  hydrolysis  in  equivalent  half-nor- 
mal solutions  as  deduced  by  comparing  the  values  of  C  for  the 
salts  with  that  of  the  raillinormal  nitric  acid  solution. 

J.  H.  Long*  made  a  more  extensive  investigation  of  the  inver- 
sion of  sugar  by  inorganic  salts.  He  pointed  out  that  salts  of 
the  heavy  metals  in  general  have  the  power  of  inverting  sugar 
solutions,  and  in  some  cases  very  rapidly,  especially  at  an  ele- 
vated temperature.  He  also  correctly  indicated  that  the  cause 
of  the  inversion  by  these  salts  is  to  be  found  in  their  condition  of 
partial  hydrolysis  bj'  the  solvent.  Long  gave  special  promi- 
nence to  the  work  with  ferrous  salts  ;  in  addition  to  these,  how- 
ever, he  investigated  the  chlorides  of  manganese,  cadmium,  mer- 
cury, and  lead,  the  sulphates  of  manganese,  zinc,  and  aluminum 
(potassium  alum),  and  the  nitrate  of  lead.  The  coefl&cients 
expressing  the  rate  of  inversion  were  calculated  and  the  percent- 
ages of  hydrolyzed  salt  were  deduced  by  comparing  these  coefl&- 
cients  with  that  obtained  by  employing  a  millinormal  hydro- 
chloric acid  solution  under  like  conditions.  The  temperature  at 
which  Long's  systematic  investigations  were  performed  is  85°, 
and  the  sugar  solution  used  was  of  such  strength  that  fifty  grams 
were  contained  in  250  cc. 

In  the  investigations  of  Walker  and  Aston  and  also  in  those 
of  Long  the  polariscope  was  used  exclusivelj'  to  follow  the  prog- 
ress of  the  inversion.  This  is  no  doubt  the  simplest  and  most 
accurate  method  to  use  whenever  it  is  applicable.  It  is  evident, 
however,  that  the  polariscope  cannot  be  used  in  working  with 
colored  solutions  and  that  the  accuracy  of  measurement  with 
this  instrument  is  greatly  impaired  when  the  solutions  are  not 
perfectly  clear.  Long  cites  several  instances  where,  after  pro- 
longed heating,  the  solutions  became  somewhat  colored  or  turbid, 
making  their  polarization  difficult. 

The  objects  of  this  investigation  are  :  ( i )  to  find  a  method  by 
means  of  which  the  speed  of  inversion  of  sugar  by  colored  salts 
can  be  determined,  and  (2)  to  compare  the  basicity  of  the  met- 
als as  ascertained  by  the  method  of  sugar  inversion  with  their 
so-called  solution  tensions,  as  found  by  the  measurement  of  the 
electromotive  forces  of  galvanic  chains. 

The  inv^ersion  of  sugar  is  expressed  by  the  equation  : 

C.,H,.0..  +  H,0-2C.H,.0.- 

iThis  Jouni<it,  x8.  laoand  693. 
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If  the  solution  is  not  too  concentrated,  the  change  in  the  num- 
ber of  molecules  of  water  may  practically  be  neglected.  From 
the  equation  it  appears  that  during  the  process  of  inversion  each 
molecule  of  cane-sugar  is  converted  into  two  molecules.  Now 
since  the  osmotic  pressure  exerted  by  a  dissolved  substance  is 
proportional  to  the  number  of  its  molecules,  it  is  clear  that  when 
inversion  is  complete  the  dissolved  sugar  will  exert  just  double 
the  osmotic  pressure  that  it  did  in  form  of  cane-sugar.  Further- 
more, by  measuring  the  osmotic  pressure  from  time  to  time  dur- 
ing the  progress  of  the  inversion,  the  rate  of  the  latter  may  be 
determined.  As  the  methods  that  are  known  at  present  for  the 
direct  measurement  of  the  osmotic  pressure  could  not  be  used 
advantageously,  it  was  decided  to  measure  some  physical  prop- 
erty that  is  proportional  to  the  osmotic  pressure.  The  lowering 
of  the  freezing-point  and  the  elevation  of  the  boiling-point  sug- 
ge.sted  themselves.  Trevor  and  Kortright'  have  shown  that  by 
noting  from  time  to  time  the  boiling-point  of  a  sugar  solution  to 
which  a  small  quantity  of  acid  has  been  added,  the  speed  of  the 
inversion  can  be  determined.  A  few  preliminary  tests  indicated 
that  the  boiling-point  method  is  not  well  suited  for  studying  the 
inversion  of  sugar  by  salts  of  the  heavy  metals,  for  by  boil- 
ing the  solutions  some  of  these  salts  suffer  considerable  reduction. 
The  freezing-point  method  was  consequently  chosen,  although 
less  convenient  of  execution.  Before  this  method  was  applied 
in  the  work  with  colored  salts  it  was  definitely  ascertained  that 
it  would  yield  reliable  results.  This  was  done  by  following  the 
progress  of  the  inversion  of  several  colorless  solutions  by  both 
the  polariscope  and  cryoscopic  methods. 

METHOD  OP  EXPERIMENTATION. 

The  following  is  an  outline  of  the  method  of  experimentation. 
The  desired  quantities  of  sugar  and  salt  were  weighed  out  and 
each  was  dissolved  in  a  small  quantity  of  water,  generally  with 
the  aid  of  heat.  These  solutions  were  then  thoroughly  cooled 
and  finally  mixed  in  a  graduated  flask,  cold  water  being  added 
to  fill  the  latter  to  the  mark.  It  was  found  that  at  room  temper- 
ature the  inversion  takes  place  very  slowly  ;  nevertheless  no 
time  was  lost  unnecessarily  in  transferring  the  solution  to  test- 
tubes,  generally  eight  to  ten  in  number,  which  were  then  tightly 

^  Zischr.  phys,  Ckem.,  14,  149. 
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stoppered  with  rubber  stoppers  or  closed  by  fusing  the  ends. 
These  tubes  were  then  kept  at  a  higher  temperature  in  a  ther- 
mostat, the  time  of  their  introduction  into  the  latter  was  noted, 
and  then  from  time  to  time  one  was  taken  out  and  quickly- 
immersed  in  a  bath  of  melting  ice  to  cool  it  rapidly  and  thus 
check  the  reaction.  Its  contents  were  then  examined  with  the 
polariscope  or  freezing-point  apparatus  or  both.  A  few  tests 
showed  that  at  o**  the  inversion  in  the  solutions  used  was  so  slow 
that  no  change  could  be  detected  for  hours.  It  was  conse- 
quently not  necessary  to  investigate  each  tube  at  once,  but  sev- 
eral could  thus  be  collected  and  their  contents  tested  in  rapid 
succession.  While  this  is  of  no  particular  importance  in  work- 
ing with  the  polariscope,  with  which  determinations  are  so  easily 
made,  it  is  very  advantageous  in  employing  the  freezing- 
point  method,  as  it  admits  of  making  the  determinations  more 
rapidly  and  with  a  greater  degree  of  accuracy  relatively.  It 
consumes  time  to  prepare  the  freezing  mixture  properly  and  to 
find  the  freezing-point  of  pure  water  on  the  thermometer  scale. 
The  latter  operation  of  course  must  be  performed  each  time  a 
series  of  observations  is  made,  as  the  reading  of  a  Beckmann's 
thermometer  for  a  fixed  temperature  varies  from  time  to  time, 
partly  because  changes  in  the  barometricpressure  affect  the  bulb, 
and  partly  because  minute  amounts  of  mercury  escape  from  the 
mercury  that  is  attached  to  the  thread  in  the  upper  chamber  to 
the  lower  part  of  that  chamber.  The  mercury  can  often  be  seen 
in  form  of  very  fine  drops  condensed  on  the  sides  of  the  upper 
chamber  after  the  thermometer  has  stood  for  a  number  of  hours. 
Crystallized  cutloaf  sugar  of  a  high  degree  of  purity  was  used 
in  all  the  experiments.  It  was  dried,  pulverized,  and  thoroughly 
mixed.  For  each  series  of  experiments  84.93  grams  were 
weighed  out  and  dissolved  in  a  small  amount  of  water  in  •  a  500 
cc.  flask  that  was  carefully  graduated.  The  cold  solution  con- 
taining one-fourth  of  a  gram  equivalent  of  the  salt  to  be  investi- 
gated was  then  added.  The  solutions  were  mixed  and  finally 
made  up  to  exactly  500  cc.  Thus  the  resulting  solution  was 
half-normal  with  respect  to  each,  the  sugar  and  the  salt.'  All 
the  salts  used  were  of  the  C.  P.  variety  of  standard  makes. 
They  were  recrystallized  several  times  to  free  them  from  any 

1  In  a  few  cases  less  concentrated  solutions  had  to  be  used  on  account  of  the  slight 
solubility  of  the  salt. 
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excess  of  acid  they  migbt  contain.  Thirty  cc.  of  the  solution 
last  named  were  introduced  into  each  of  the  test-tubes,  vbich 
were  twenty  cm.  long.  These  were  then  qnickly  sealed  in  a  hot 
pointed  flame.  The  liquid  did  not  change  its  temperature 
materially  d'lring  this  operation.  After  the  supply  of  twenty 
cm.  test-tubes  was  exhausted,  eighteen  cm.  ones  were  used ; 
these  ^uld  not  be  sealed  asreadily  without  heating  the  solution 
somewhat,  so  tbey  were  tightly  stoppered  with  rubber  stoppers. 
The  bath  in  which  the  tubes  were  placed  is  shown  in  Fig.  i. 
The  cylindrical  outer  vessel  A  is  thirty  cm.  high  and  thirty  cm. 
in  diamet<:. .  It  is  fitted  with  a  similarly  shaped  inner  vessel  B, 
so  that  the  distance  between  the  sides  of  the  two  vessels  is  about 
four  cm.  and  that  between  the  bottoms  eight  cm.  This  part  of 
the  apparatus  is  made  of  tin.  A  spiral  retum  condenser  of  glass 
is  fitted  to  A  as  indicated.  A  bent  glass  tube  D  serves  as  a 
gauge  to  indicate  the  height  of  the  liquid  in  A.  B  contains 
water  in  which  the  test-tubes  are  immersed.     It  has  a  wooden 


cover  through  which  a  thermometer  is  inserted.  The  test-tubes 
are  held  in  position  by  wires  as  indicated.  These  wires  are  sol- 
dered on  a  disk  of  heavy  tin  provided  further  with  a  stout  cen- 
tral wire  E,  by  means  of  which  all  the  tubes  together  with  the 
supporting  disk  can  be  placed  into  the  apparatus  at  the  same 
time. 

At  first  it  was  proposed  to  perform  the  experiments  at  about 
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80^  C. ;  but  a  preliminary  test  on  copper  sulphate,  using  alcohol 
in  the  vessel  A,  showed  that  this  temperature  was  too  high  inas- 
much as  partial  reduction  of  the  salt  to  the  cuprous  condition 
*and  even  to  metallic  copper  occurred.  After  still  further  tests, 
the  temperature  of  boiling  acetone,  55.5*  C.  was  finally  chosen. 

The  acetone  was  placed  in  A  (Fig.  i),  and  kept  boiling  by  a 
small  flame.  Water  of  the  temperature  of  about  65**  was  poured 
into  B  to  such  a  height  that  when  the  tubes  were  finally  intro- 
duced they  were  sufficiently  immersed  1  By  introducing  the 
cold  tubes  into  this  bath  of  a  little  higher  temperature  than 
finally  desired,  the  temperature  of  the  whole  soon  became  55.5*. 
This  did  not  require  more  than  three  or  four  minutes.  The 
tubes  were  ordinary  test-tubes.  They  were  cleaned  with  concen- 
trated hydrochloric  acid,  washed  with  water,  and  finally  thor- 
oughly steamed  according  to  Ostwald's*  suggestion.  A  sample 
of  the  solution  was  always  retained  for  making  the  initial  deter- 
mination. The  time  when  the  tubes  were  introduced  into  the' 
bath  was  taken  as  the  starting-point  and  placed  equal  to  zero. 
This,  of  course,  was  not  quite  correct,  as  the  temperature  was 
not  instantly  adjusted.  The  error  introduced  was  not  great, 
however ;  it  would  show  itself  mainly  in  the  first  coefficient 
found,  which  would  be  a  little  too  low. 

The  polariscope  used  was  a  triple  field  instrument  manufac- 
tured by  Schmidt  &  Haensch.  It  was  of  a  pattern  devised  by 
Landolt.*  All  the  observations  were  made  in  a  twenty  cm. 
tube  at  20°  C,  the  liquids  being  kept  at  this  temperature  during 
the  time  of  the  determination  by  running  water  of  20*  C.  through 
the  jacket  surrounding  the  observation  tube. 

The  freezing-point  apparatus  was  essentially  of  the  form  of 
that  constructed  by  Beckmann,'  but  its  dimensions  were  larger 
The  tube  containing  the  solution  and  the  differential  thermom- 
eter had  no  side  neck  ;  it  was  about  twenty-two  cm.  long,  and 
nearly  five  cm.  in  diameter.  The  thermometer  and  the  stirrer* 
passed  through  the  cork  as  usual,  but  the  latter  was  further  pro- 
vided with  another  opening  through  which  the  freezing  could  be 

1  Hand-  u.  Hilfsbuch,  p.  295. 

9  Ber.  d.  chem.  Ges.,  si,  3103. 

t  Compare  Ostwald's  Hand-  u.  Hiliabuch,  p.  216. 

4  The  stirrer  had  the  usual  shape,  but  was  made  entirely  of  glass.  With  an  appa- 
ratus of  the  above  dimensions  this  works  very  well  and  is  much  cheaper  than  the  usual 
stirrer  with  the  heavy  platinum  loop. 
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inaugurated  by    "vaccinating''  the  slightly  overcooled  liquid 

with  a  bit  of  ice.     The  air  jacket  was  made  of  heavy  tin  ;  it  was 

soldered  to  the  cover  of  the  jar,  and  the  whole  was  then  heavily 

coated  with  asphaltum  to  prevent  rusting.     The  jar  containing 

the  freezing-mixture  was  an  ordinary  large  size  gravity  battery 

jar.    A  Beckmann's  thermometer  was  used.    It  was  graduated 

to  hundredths  and  the  thousandths  could  be  judged  by  means 

of  a  lens.     Generally  thirty  cc.  of  the  solution  were  tested.  The 

temperature  of  the  bath  was  so  regulated  that  it  was  only  a  few 

tenths  of  a  degree  lower  than  the  freezing-point  of  the  liquid 

tested. 

The  calculation  of  the  coefficient  C  expressing  the  speed  of 

the  reaction  was  made  according  to  the  well-known  formula 

I  A 

C= — log,o  — : ,    in   which   A    represents  the  amount  of 

/  A — X 

cane-sugar  present  at  the  beginning,  and  x  the  amount  inverted 
during  the  time  /.  In  working  with  the  polariscope,  A  is 
measured  by  the  total  change  in  rotation  observed  from  the 
beginning  to  the  end  of  the  reaction,  and  x  is  measured  by  the 
change  in  rotation  during  the  time  /.  In  applying  the  freezing- 
point  method,  A  is  measured  by  the  total  increase  in  the  lower- 
ing of  the  freezing-point  of  the  solution  from  the  beginning  to 
the  end  of  the  reaction,  and  x  is  measured  by  the  increase  in 
the  lowering  during  the  time  t.  In  thus  applying  these 
methods,  it  is  assumed  that  the  influence  of  the  salt  present  in 
solution  on  the  rotation  and  freezing-points  respectively  is  con- 
stant throughout  the  reaction.  Though  the  action  of  the  salt 
on  the  cane-sugar,  and  the  invert  sugar  is  probably  slight,  some 
interaction  does  seem  to  take  place  as  Long'  has  already  pointed 
out. 

A  half-normal  solution  of  cane-sugar  gave  as  an  average  of 
four  series  of  independent  experiments  a  lowering  of  the  freezing- 
point  of  1. 114''.  A  solution  that  was  half-normal  with  respect 
to  cane-sugar,  and  centinormal  with  respect  to  hydrochloric 
acid  gave  a  lowering  of  2.248"  after  complete  inversion  had  taken 
place.  The  sugar  after  inversion  would  theoretically  cause  the 
lowering  to  be  2.228*",  consequently  the  difference,  0.020",  is  the 
lowering  caused  by  the  acid.  Theoretically  the  hydrochloric 
acid  ought  to  give  the  lowering  0.019"  )  but  since  in  centinormal 

1  This  Jonrsal,  iS,  7x6- 
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solution  the  dissociation  is  nearly  complete,  this  figure  would 
become  0.038^.  It  is  clear  then  that  the  above  result,  2.248^,  is 
a  little  too  low,  theoretically  considered ;  it  was  thought  to  be 
sufficient,  however,  to  warrant  adopting  the  6gure  1.114''  in 
future  calculations  as  the  increase  of  lowering  of  the  freezing- 
point  caused  when  the  inversion  is  complete. 

It  is  somewhat  difficult  at  times  to  obtain  the  exact  rotation 
of  the  plane  of  polarization  of  a  sugar  solution  after  complete 
inversion  because  of  changes  produced  by  prolonged  heating.' 
For  this  reason,  the  calculated  value  found  by  reckoning  0.315^' 
negative  rotation  for  every  degree  of  initial  positive  rotation  was 
used  as  the  end-point  of  the  reaction  except  when  the  observed 
value  exceeded  it.  Thus,  the  most  probable  initial  angle  for 
the  twenty  cm.  tube  was  found  to  be  22.60^;  the  end<point  would 
consequently  be  22.60®  X  — 0.315  or  — 7.12*. 


RESULTS. 

The  experimental  results  will  now  follow  in  detail. 

TABI.B  II. 

Hydrochloric  Add, 
In  1000  cc,  \  g.  moL  Ci,H„Oxi  plus  ^^^  g.  mol.  HCl.    (Polariscope.) 


Time,  boun . 

RoUtion.                          Change. 

C. 

0.0 

22.62°                            

1.0 

16.58                                6.04 

0.0983 

2.0 
2.5 

9.92                              12.70 
7.68                              14.94 

0.1.205 
0.1208 

3.0 

5.94                              16.68 

O.I 186 

4.0 

2.54                              20.08 

O.I2I5 

4.5 

1.42                              21.20 

O.I 198 

7.0 

— 2.40                              25.02 

O.I 130 

17.5 

—6.90                              29.52 
—7.20                              29.82 

Tabx^b  III. 

O.I  142 

26.5 

O.I 158 

Hydrochloric  Acid. 

In  1000  cc,  \%, 

mol.  CuH^Oii  plus  Y^ir  g.  mol.  HCl. 

(Freezing-point. ) 

Time,  hours. 
0.0 

Lowering.                        Change. 
1.175' 

c. 

I.O 

1.393                             0-218 

0.0977 

2.0 

1.635                              0.460 

0.1217 

2.5 

1.705                              0.530 
1.809                             0.634 

0.1 185 

30 

0.1296 

4.0 

1. 912                              0.737 

0.1263 

4.5 

1.954                              0.779 

0.1252 

7.0 

2.105                              0.930 

0.1254 

175 

2.230                              1.055 

0.1028 

26.5 

2.247                              1*072 

1  Compare  Long  :  This  Journal.  x8,  697. 

>  Compare  Rayman  and  Sulc  :  Ztsckr.  phys.  Chem.^  az,  4S8.   .  0. 1 147 
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In  Table  II,  — 7.2''  was  taken  as  the  end-point  and  in  Table 
III,  2.247**,  for  the  change  that  had  taken  place  in  pine  hours 
was  but  0.3^  on  the  polariscope  scale  and  0.017*"  o^  that  of  the 
thermometer.  Considering  the  experimental  difficulties  encoun- 
tered in  the  work  the  agreement  of  the  values  of  C  in  Table  III, 
with  those  in  Table  II,  must  be  considered  sufficient.  It  has 
been  established  therefore  that  the  freezing-point  method  can  be 
successfully  used  to  determine  the  rate  of  inversion  of  sugar. 
As  the  amount  of  hydrochloric  acid  present  was  small  as  com- 
pared with  the  amount  of  sugar,  this  was  an  especially  favorable 
case  in  which  to  test  the  reliability  of  the  cryoscopic  method  in 
following  the  progress  of  the  reaction.  Further  comparisons 
between  the  two  methods  in  which  salts  were  used  to  invert  the 
sugar  will  be  given  below. 

ALUMINUM  SALTS. 

The  aluminum  salts  investigated  are  potassium  alum,  alum- 
inum sulphate  and  chloride.  The  alum  solution  was  weaker 
than  th«  usual  strength  on  account  of  the  low  solubility  of  the 

salt  in  the  cold. 

Table  IV. 

Potassium  Alum. 

In  1000  cc.,  \  g.  mol.  Ci,H„Ou  plus  ^  g.  mol.  K,A1,(S04)4.  ( Polariscope.; 

Time,  hours.  RoUtion.  CbaniTC*  C. 

0.0  11.23°  ••••  •••• 

l.o  10.48  0.75°  0.02260° 

2.0  9.29  1.94  0.03053 

4.0  8. 12  3.11  0.02551 

6.5        6.35        4.88       0.02675 

8.0        5.54        569       0.02637 

41-25       —2.54        13.77        0.02815 

83.5  —3- 16  M.39  0.02525 

OD  —3.56  14.79  "" 


Table  V. 
Potassium  Alum, 


0.02645 


In  1000  cc.,  \  g.  mol.  C„H„0„  plus  ^  g.  mol.  KjAltCSO*)^.   (Freezing- 
point.  ) 

Time,  hours.  I«oweriiig.                      Changre.                                  C. 

0.0  ^'^55                           *  * "                                  •  •  •  - 

1.0  o.859(?) 

2.0  0.889 

4.0  0.925 

6.5  0.980 

8.0  I.OOQ 

41.25  1.278 

83.5  1-327 

00  Z.412 

0.01464 


o.oo4°< 

:?) 

0.003 13°(?) 
0.01368 

0.034 

0.070 

0.01458 

0.125 

0.01697 

o''.i44 

0.01757 

0.423 

0.0x502 

0.472 

0.01002 

0.557 

• 

.... 
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Tables  IV  and  V  show  that  alum  inverts  sugar  rapidly.*  The 
values  of  C  in  Table  V,  are  only  about  half  as  large  as  those  in 
Table  IV.  It  seems  that  a  change  decreasing  the  number  of 
molecules  in  the  solution  must  be  going  on  in  this  case  as  time 
elapses ;  the  matter  was  not  studied  further,  but  it  deserves 
investigation.  The  value  of  C  in  Table  IV  is  the  more  reliable 
one.  The  inversion  in  case  of  the  alum  solution  is  caused  by 
the  aluminum  sulphate  present,  which  is  hydrolyzed!  It  is  a 
well-known  fact  that  a  solution  obtained  by  mixing  potassium 
sulphate  and  aluminum  sulphate  in  molecular  proportions,  is  the 
same  as  an  equivalent  solution  of  alum.  Table  VI  shows  that 
the  potassium  sulphate  is  not  the  cause  of  the  inversion,  and 
Table  VII  clearly  shows  that  the  aluminum  sulphate  is  the 
active  agent. 

Table  VI. 
Potassium  Sulphate. 


ic,  i  g. 

mol. 

CiaHnOji 

plus  I  g. 

mol. 

K,SO,. 

(Polariscope.) 

Time, 
hours. 

Rotation. 

Change. 

o.o 

22.54 

.  •  ■  . 

3.0 

22.40 

0.14 

16.5 

22.06 

0.46 

25.0 

22.22 

0.32 

Table  VII. 
Aluminum  Sulphate. 

In  1000  cc,  \  g.  mol.  Ci,HttOii  plus  ^  g.  mol.  Al^CSOf),.  (Polariscope.  ) 

Time. 

hours.  Rotation.  Change.  C. 


o 


0.0  22.54 

3-5  16.39 

6.0  12.32 

8.0  9.91 

lo.o  7.26 

14.0  4.14 

21.0  — 0.26 

24.0  — 1.64 

29.0  — 3.10 

37-0  —4-82 

55.0  —6.44 

00  — 7.12 


1  The  same  was  found  by  Long  :  /.  c. 


•  •  •  • 

6.15 

0.02884 

10.22 

0.03058 

12.63 

0.03012 

15.28 

0.03244 

18.40 

0.03006 

22.80 

0.03028 

24.18 

0.03055 

25.64 

0.02993 

27.36 

0.03001 

28.98 

0.02980 

29.66 

0.03026 
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Table  VII  shows  that  the  alumintim  sulphate  solution  inverts 
very  rapidly,  a  little  over  one-fourth  as  rapidly  as  does  centi- 
normal  hydrochloric  aeid  (Tables  II  and  III).  As  the  solution 
used  in  TableVII  is  not  equivalent  to  that  in  Table  IV,  the  con- 
stants are  not  directly  comparable.  We  should  expect  alum  to 
invert  less  rapidly,  however,  than  an  equivalent  amount  of  alu- 
minum sulphate,  for  the  presence  of  the  potassium  sulphate 
tends  to  decrease  the  number  of  hydrogen  ions  in  the  solution.' 

Tablb  VIII. 
Alutninum  Chloride. 

■ 

In  looo  CO.,  \  g.  mol.  Ci,H„Oii  plus  ^  g.  mol.  AlClj.     ( Polariscope. ) 


Time, 
boors. 

Rotation. 

Change. 

C. 

O 

22.47"^ 

.... 

6 

6.92 

15.55 

0.0539 

l8 

-1.98 

24.45 

0.0366 

25 

—4.44 

26.91 

0.0417 

45 

—6.45 

28.92 

0.0365 

00 

—7.13 

29.59 

.....  • 

0.0422 

The  chloride  was  of  Schuchardt's  make.  It  was  recrystal- 
lized  three  times.  A  comparison  of  Tables  VII  and  VIII 
shows  that  the  chloride  inverts  much  faster  than  the  sulphate. 
This  is  what  one  would  be  inclined  to  expect  from  the  strong 
ionizing  tendency  of  chlorine.  (This  point  will  come  up  again 
below. )  Long  found  that  ferrous  chloride  inverts  much  more 
rapidly  than  ferrous  sulphate. 

MANGANESE   SAI«TS. 

TksuH  IX. 

Manganous  Sulphate. 
In  1000  cc.,  I  g.  mol.  CuH,,0,i  plus  \  g.  mol.  MnSOf.   (Polariscope.) 

Time,  Rotation, 

honrs. 

o  21.64° 

5  22.12 

10  22.20 

15  -22.34 

20  22.10 

25  22.50 

35  22.14 

1  Long  found  that  ferrous  sulphate  inverts  faster  than  ferrous  ammonium  sulphate, 
wlticli  Ulustrates  the  same  point 
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Table  IX  shows  that  manganous  sulphate  does  not  invert 
sugar  appreciably  at  55. 5**  C.  The  readings  obtained  vary  irreg- 
ularly within  the  limits  of  experimental  error.  At  higher  tem- 
peratures this  salt  does  invert  sugar,  but  of  course  very  slowly 
(compare  Long  :  L  c). 

Tablb  X. 

Mangatious  Chloride. 

In  1000  cc,  \  g.  mol.  Ci,HnO||  plus  \  g.  mol.  MnCl,.     (Polariscope.) 


Time, 
hours. 

0.0 

5-5 
12.0 

24.0 

36.0 
48.0 

300  (about) 
00 


Rotation. 
22.79° 
22.72 
22.65 

22.54 

2245 

22.23 
21.92 

—7.12 


Change. 


C. 


.... 

0.07 

0.000185 

0.14 

0.000170 

0.25  • 

0.000152 

0.34 

0.000138 

0.56 

O.00OI7I 

0.87 

29.91 

0.000163 

Table  X  shows  that  manganous  chloride  does  invert  slightly. 
Here  again  we  see  that  the  chloride  inverts  faster  than  the  sul- 
phate. In  working  at  80"  C,  Long  also  found  that  manganous 
chloride  inverts  much  more  rapidly  than  does  the  sulphate. 

ZINC  SAINTS. 

Of  the  zinc  salts  only  the  sulphate  was  tested.  The  specimen 
was  a  particularly  fine  one.  "^'Table  XI  shows  that  the  inversion 
caused  by  this  salt  at  55.5*"  is  very  slight,  but  little  change  having 
taken  place  in  fifty  hours. 

Tablb  XI. 

Zinc  Sulphate, 

In  xooo  cc,  \  g.  mol.  CuHnOu  plus  \  g.  mol.  ZnS04.    (Polariscope.) 


Time, 
hours. 

0.0 

2.0 

6.0 

20.66 

46.0 

50.0 


Rotation. 
22.52^ 
22.38 
22.38 
22.42 
22.02 
21.96 


The  same  solution  heated  in  a  water-bath  to  100^  C.  gave  the 
results  in  Table  XII. 
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Tablb  XII. 

Zinc  Sulphate. 

In  looo  cc.»  \  g.  mol.  QiJEL^On  plus  \  g.  mol.  ZnS04.    (Polariscope.) 


Time. 

boars. 

RoUtion. 

Change. 

c. 

O.O 

21.96° 
18.84 

•  •  •  • 

I.O 

3" 

0.04929 

2.0 

15.00 

6.96 

0.05940 

3.0 

12.22 

9.74 
18.12 

0.05904 

15 

3.84 

0.09417 

8.16 

-350 

25.46 

O.XI089 

09 

-7.12 

29.08 

After  three  to  four  hours'  heating  the  solution  became  colored. 
An  acid  odor  was  also  perceptible.  After  three  hours  the  val- 
ues of  C  ran  up  rapidly.  IrOng  also  noted  an  increase  in  the 
value  of  the  coefficient  at  80°  C. 

CADMIUM   SALTS. 

Cadmium  sulphate  inverts  very  slowly  indeed  as  both  the 
polariscopic  and  cryoscopic  tests  show  (Table  XIII).  The 
inversion  is  practically  nil. 

Tablb  XIII. 
Cadmium  Sulphate, 

In  1000  cc,  \  g.  mol.  C|,H„0||  plus  \  g.  mol.  CdSOf.     (Polariscope.) 

Time,  Freesinr-polnt 

hours.  RotaUon.  lowennff. 

0.0  22.23°  l.72cr 

5  22.49  1.756 

TO  22.72  1.745 

15  22.58  1.747 

19  22.54  1.754 

24  22.75  1.758 

34  22.65  1.755 

44  22.72  1.754 

Cadmium  chloride  was  tested  and  gave  similar  results,  as 
Table  14  shows.     This  salt  was  particularly  pure. 

Table  XIV. 
Cadmium  Chloride. 
In  1000  cc,  \  g.  mol.  CifHnOii  plus  \  g.  mol.  CdClf.    (Polariscope.) 

Time. 

hours.  Rotation. 

0.0  ,  22.30^' 

2.0  22.54 

%.o  22.62 

8.0  22.62 

S.o  22.60 

18.0  22.28 

26.0  22.46 

46.25  .... 
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Another  fine-looking  sample  of  cadmium  chloride  of  Schu- 
chardt's  manufacture  was  tested  by  both  the  polariscope  and 
freezing-point  methods.  This  salt,  which  was  not  recrystallized, 
yielded  the  results  in  Tables  XV  and  XVI. 


Table  XV. 
Cadmiufn  Chloride. 


1   lOOOCC, 

i«- 

mol.  C„H„On 

plus 

ig. 

mol.  CdCl,. 

( Polariscope. ) 

Time, 

hours. 

Rotation 

Change. 

C. 

O.O 

21.63'^ 

•      •      •     • 

3 

• 

7.57(?) 

13.06 

0.08375 

i6 

5-94 

15.69 

0.05430 

lO 

—0.28 

21.91 

0.05793 

15 

—3-82 

25.45 

0.05612 

20 

—5.71 

27.34 

0.05474 

25 

— 6.90 

28.53 

0.05576 

35 

—7.70 

29.33 

0.05346 

00 

•  •  •  • 

29.73 

•••••• 

Table  XVI. 

Cadmium  Chloride. 

1  lOOO  cc, 

Ig. 

mol.  C„H„Ou 

plus 

ig- 

mol.  CdCl,. 

(Freezing-point. ) 

Time, 

hours. 

Lowering: 

Change. 

c 

O 

2.872^ 

■  •  ■  • 

3 

2.176(?) 

•  •  •  « 

6 

3.584 

0.712 

0.07389 

lO 

3-700 

0.828 

0.05916 

15 

3.836 

0.964 

0.05822 

20 

3-919 

1.047 

0.06134 

25 

3.960 

1.098 

0.07480 

35 

3.977 

1. 105 

0.08390 

00 

3.986 

1. 114 

The  values  of  C  in  Table  XVI  are  somewhat  higher  and  more 
irregular  than  those  of  Table  XV.  This  is  to  be  ascribed  to  the 
difl&culty  in  working  with  sucIf  strong  solutions  by  the  freezing.- 
point  method.  ,  The  values  of  C  in  both  tables  seemed  abnor- 
mally high,  however,  and  consequently  the  salt  was  recrystal- 
lized twice  and  then  tested  again,  this  time  with  the  polariscope 
only.     Table  XVII   gives  the  results  found. 
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Table  XVII. 
Cadmium  Chloride, 
In  iocx>  cc,  J  g.  mol.  C^H^aOn  plus  J  g.  moL  CdClj.     (Polariscope.) 


Time, 
hoars. 

Kotation. 

Change. 

c. 

O 

22.60^ 

•  •  •  • 

4 

22.12 

0.48 

0.00177 

20 

20.85 

1.75 

O.CX)I32 

30 

20.28 

2.32 

O.0OI2I 

45 

19.61 

2.99 

0.00102 

70 

18.75 

3-8s 

0.00086 

100 

17.88 

4.72 

0.00075 

00 

— 7-13 

29-73 

The  values  of  C  in  Table  XVII  continually  decrease.  They 
are  much  smaller  than  those  in  Tables  XV  and  XVI,  which 
shows  that  recrystallization  further  purified  the  salt  by  remov- 
ing free  acid  that  probably  adhered  to  it.  Long  found  a  rela- 
tively very  high  coefficient  for  this  salt  at  80®  C.  He  states  that 
the  salt  he  used  was  recrystallized  several  times,  and  was  free 
from  uncombined  acid.  As  the  above  work  shows  that  pure 
cadmium  chloride  inverts  exceedingly  slowly  at  55.5°  C,  the 
inference  must  be  drawn  that  the  rate  of  inversion  of  sugar  by 
this  salt  increases  rapidly  as  the  temperature  rises.  To  test  this 
inference,  the  same  salt  as  was  used  to  obtain  the  results  in 
Table  XIV  was  investigated  at  100°  C.  Table  XVIII  gives 
the  results  obtained,  which  show  that  the  inversion  does  increase 
enormously  with  the  temperature. 

Table  XVIII. 
Cadmium  Chloride, 
Id  iooo  cc,  \  g.  mol.  C^HnOn  plus  \  g.  mol.  CdClj*     (Polariscope.) 

Time, 

hours.  Rotation.  Change.  C. 

0.0  22.54° 

I.O  II. 16 

1.5  7-48 

2.0  3.82 

2.5  1.30 

3.0  — 0.46 

4.5  — 4.80 

7.0  — 6.42 

00  —7.13 

0.22049 


■  •  •  • 

11.38 

0.2IOII 

15-06 

0.205 I I 

18.72 

0.21645 

21.24 

0.21859 

23.00 

0.21606 

2734 

0.24554 

28.96 

0.23158 

29.67 
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NICKEL  SALTS. 

Only  one  salt  of  nickel,  the  sulphate,  was  tested.  The  salt 
was  a  very  pure  specimen  ;  it  was  recrystallized  several  times  to 
free  it  from  any  excess  of  acid.  The  results  in  Table  XIX  show 
that  the  salt  inverts  slowly.  The  reaction  progresses  very  slowly 
after  about  ten  hours. 

Table  XIX. 
Nickel  Sulphate. 
In  1000  cc,  \  g.  moL  CitH^Oii  plus  ^g.  mol.  Ni&O^.     (Freezing-point.) 


Time, 
hours. 

Lowering.                            Change. 

c. 

O 

I 

2.5 

1.713"                                   

1.728                                   0.015 
1. 731                                    0.018 

0.00589 
0.00283 

4.5 

1.740                                    0.027 

0.00237 

9-75 

38.5 

00 

1.772                                    0.059 
1.765                                    0.052 
2.827                                    I. 114 

COPPER  SALTS. 

0.00243 
0.00054 

The  rate  of  inversion  by  both  the  sulphate  and  chloride  of 
copper  was  determined  by  means  of  the  freezing-point  method. 
Both  salts  were  very  fine  samples.  The  sulphate  was  recrystal- 
lized three  times  and  the  chloride  twice.  In  Table  XX,  the  val- 
ues of  C  gradually  diminish  to  the  sixteenth  hour  after  which 
they  increase.  This  increase  is  due  to  a  reduction  which  the  salt 
suffers  after  prolonged  heating  even  at  55.5°.  The  last  tube 
taken  from  the  bath  contained  a  deposit  of  metallic  copper. 
This  explains  the  high  value  of  the  final  coefficient  C. 

Table  XX. 
Copper  Sulphate. 


000  cc, 

\  g.  moL  Ci,H„On  plus  \  g.  mol.  CUSO4. 

(Polariscope.) 

Time, 

hours. 

Lowering.                           Change. 

c. 

0 

1.690°                                .... 

1.25 

1. 721                                0.031 

0.00973 

3.25 

1.744                                0.054 

0.00661 

5.25 

1.754                                0.064 

0.00489 

8.25 

1.770                                0.080 

0.00392 

12.25 

1.795                                0.105 

0.00351 

16.25 

1.860                                0.170 

0.00442 

28.75 

2.407                                0.717 

0.15586 

00 

2.804                                I. 114 

...... 
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Table  XXI. 

Copper  Chloride. 

In  1000  cc,  \ 

g.  mol.  C„H„Oii  plus  \  g.  mol.  CnSO^. 

(  Freezing-point. ) 

Time,  hours. 

Lowering.                         Change. 

C. 

0 

2.446^                               •  - .  • 

2 

2.452                              0.006 
2.484                               0.038 

0.00118 

i 

0.00302 

2.525                               0.079 

0.00400 

12 

2.595                           0-I49 

0.00520 

»7 

2.721                            0.275 

0.00726 

23 

2.836                           0.390 
2.980                           0.534 

0.00816 

29 

0.00980 

45 

3-365                           0.919 

0.01690 

65 

3.560                           0.1 14 

>  •  •  •  •  • 

00 

3.5^                            O'^H 

In  Table  XXI,  the  values  of  C  continually  increase.  This 
maybe  due  to  a  reduction  of  the  salt;  the  solution,  however, 
remained  clear  from  beginning  to  end.  The  inversion  is  com- 
plete in  sixty-five  hours.  Comparing  this  table  with  the  pre- 
ceding one,  it  appears  that  the  chloride  inverts  more  slowly 
than  the  sulphate  for  about  the  first  eight  hours ;  after  that,  the 
former  inverts  much  more  rapidly.  The  final  value  of  the 
coefiicient  in  Table  XX  is,  of  course,  abnormally  high  for  the 
reason  already  mentioned. 

MERCURY  SALTS. 

Of  these  salts  only    mercuric  chloride  was  studied.      The 

specimen  used  was  a  sublimed  product.     It  was  not  recrystallized 

from  water.   Both  the  polariscopic  and  cryoscopic  methods  were 

used.    T!^he  solutions  became  somewhat  turbid  toward  the  latter 

part  of  the  reaction,  probably  because  of  a  slight  reduction  of 

the  salt   to  mercurous  chloride,   which   separated  out.     This 

necessitated  filtration  of  the  solutions  before  they  could  be  tested 

with  the  polariscope. 

•Table  XXII. 

Mercuric  Chloride. 


In  1000  cc,  I  g.  mol.  Ci,HnOii  plus  }  g.  mol.  HgCl,. 

Time,  hoars.  Rotation.  Change. 

o                            22.50"  .... 

0.5                            22.38  0.21 

2                              21.88  0.71 

4                                21.20  1.39 

7                                20.19  ^-40 

12                                     18.57  4.02 

17                          I6.II  6.48 

22                                       14.13  8.46 

OD  —7.12  29.71 


(Polariscope.) 
c. 


0.00616 
0.00525 
0.00520 
0.00522 
0.00526 
0.00628 
0.00661 

0.00572 
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Table  XXIII. 
Mercuric  Chloride. 
In  looo  cc,  \  g.  mol.  CisHj^On  plus  \  g.  mol.  HgCl,.     (Freezing-point.) 


Time. 

hours. 

Lowering. 

Change. 

C. 

O 

1.293° 

•  •  •  • 

0.5 

1-295 

0.002 

0.00158 

2 

1323 

0.030 

0.00593 

4 

1.338 

0.045 

0.00448 

7 

1.376 

0.083 

0.00481 

12 

1.432 

0.139 

0.00482 

17 

1-519 

0.226 

0.00579 

22 

1.603 

0.310 

0.00644 

32 

1.674 

0.381 

0.00568 

00 

2.407 

1. 114 

0.00542 

The  first  coefficient  in  Table  XXIII  is  very  low.  The  experi- 
mental error  in  this  case  is,  of  course,  relatively  very  great,  since 
the  increase  of  the  lowering  in  half  an  hour  is  so  small.  No 
reliance  whatever  can  be  put  on  this  first  coefficient,  and  it  has 
not  been  taken  into  consideration  in  the  average.  A  comparison 
of  the  coefficients  of  Tables  XXII  and  XXIII  shows  again  the 
usefulness  of  the  cryoscopic  method  in  tracing  the  process  of 
inversion,  in  spite  of  the  many  difficulties  that  are  met  in  apply- 
ing the  method. 

FERRIC  SALTS. 

Ferric  potassium  alum  and  ferric  ammonium  alum  were  tested, 
but  the  salts  soon  suffered  reduction.  A  precipitate  formed  in 
these  solutions  in  less  than  an  hour  and  continued  to  increase 
rapidly.  The  sugar  was  speedily  inverted  as  a  few  freezing- 
point  tests  showed. 

AMMONIUM  SAI.TS. 

The  effect  of  ammonium  sulphate  was  studied  at  55.5"  and  at 
100°.  No  appreciable  inversion  took  place  at  either  temperature, 
although  the  mixture  was  kept  at  55.5°  for  about  sixty-seven 
hours.  At  100*'  the  solution  turned  brown  after  five  hours*  heat- 
ing and,  as  it  was  being  investigated  with  the  polariscope,  no 
more  readings  were  made  after  that  time.  Ammonium  chloride 
was  tested  only  at  the  lower  temperature.     The  readings  showed 
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that  after  heating  for  eighty  hours  a  change  of  only  o;i^  in  rota- 
tion had  taken  place.  Even  this  might  have  been  error  of 
observation. 

In  Table  XXIV  are  collected  the  coefficients  of  inversion  at 
55.5''  C.  for  solutions  that  are  half-normal  with  respect  to  sugar 
and  half-normal  (equivalent)  with  respect  to  the  salt.  Those 
marked  with  an  asterisk  (*)  are  only  rough  averages,  since  the 
coefficients  in  the  series  are  not  constant.  In  the  last  column  is 
given  the  degree  of  hydrolysis  deduced  by  comparing  the  speed 
of  inversion  of  the  salt  with  that  of  centinormal  hydrochloric 
acid  under  the  same  conditions.  The  comparison  is  only  very 
rough  at  best. 

Table  XXIV. 

Hydrolvsis  per  cent,  in 
equivalent  naif-normal 
Salt.  C.  solution. 

AlumiDum  sulphate 0.03026  0.53 

Aluminum  chloride 0.0422  0.73 

Mangauese  sulphate .... 

Manganese  chloride 0.00016  0.003 

Zinc  sulphate 

Cadmium  sulphate 


•  • 


•  •  •  •  •  •  • 


Cadmium  chloride 0.0014*  0.024 

Nickel  sulphate 0.00281*  0.048 

Copper  sulphate 0.00551*  0-095 

Copper  chloride 0.00694*  0.12 

Mercuric  chloride  (;) 0.00572  0.2 

Hydrogen  chloride  ( /^^ ) o.  z  158  

Theoretical  Considerations. 

The  bydrolytic  decomposition  of  a  salt  may  be  expressed  by 
the  general  equation  : 

MA  +  H,0  =  MOH  +  HA, 

in  which  M  represents  the  metal  and  A  the  acid  radical.  If  the 
metal  has  several  valences,  correspondingly  more  molecules  of 
water  enter  into  the  reaction.  The  more  dilute  the  solution  is, 
the  greater  is  the  extent  of  the  hydrolysis.  If  for  the  sake  of 
simplicity  we  assume  the  solution  to  be  so  dilute  that  the  electro- 
lytic dissociation  of  the  salt  is  practically  complete,  the  reaction 
takes  the  form : 

M,  A  +  H,0  =  MOH  +  H,  A. 
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From  this  it  appears  that  A  remains  in  the  ionic  condition 
throughout.  There  must,  of  course,  be  present  an  equal  number 
of  cations  in  order  to  preserve  the  electrical  neutrality  of  the 
solution.  These  cations  are  mainly  those  of  the  metal  (if  the  salt 
is  but  slightly  hydrolyzed),  but  there  are  also  present  hydrogen 
ions  formed  as  indicated  by  the  equation.  The  compound  MOH, 
the  hydroxide  of  the  metal,  is  probably  held  in  solution  in  colloidal 
form,  in  which  case  its  molecules  are  polymerized.  In  stronger 
solutions  this  hydroxide  may  unite  with  undissociated  molecules 
of  the  salt  to  form  a  basic  compoud,  which  would  gradually  be 
broken  upon  further  dilution.  In  general  then  at  any  stage  of 
dilution  a  solution  of  a  salt  of  a  heavy  metal  contains  ( i )  a  cer- 
tain number  of  undi.ssociated  molecules  of  the  salt,  (2)  the 
anions  of  the  electrolytically  dissociated  molecules,  (3)  ions  of 
the  metal  plus  hydrogen  ions  together  chemically  equivalent  to 
the  anions,  (4)  molecules  of  colloidal  hydroxide  of  the  metal  or 
of  a  basic  salt  equivalent  to  the  hydrogen  ions.  At  each  stage 
of  dilution  an  equilibrium  between  these  various  classes  of  mole- 
cules establishes  itself. 

The  acid  radical  A  becoming  ionized,  forces  positive  ions  to 
form.  If  the  metal  is  such  that  it  readily  passes  into  the  ionic 
condition  (e.g.,  the  alkalies  and  alkaline  earths),  practically 
the  only  positive  ions  in  the  solution  are  those  of  the  metal,  and 
the  solution  has  a  neutral  reaction  and  does  not  invert  sugar ; 
but  if  the  metal  assumes  the  ionic  state  less  readily  (€,  g.y  the 
heavy  metals),  the  ions  of  the  metal  form  up  to  a  certain 
extent  only,  the  rest  of  the  necessary  positive  ions  being  supplied 
by  the  water,  which  is  decomposed,  yielding  hydrogen  ions  and 
an  hydroxyl  residue  that  forms  either  a  colloidal  hydroxide  of 
the  metal  or  a  basic  salt,  as  already  pointed  out.  It  is  clear  that 
if  the  metal  readily  enters  into  such  colloidal  or  basic  combina- 
tions the  formation  of  hydrogen  ions  will  be  aided  thereby..  In 
a  solution  of  a  ferric  salt,  the  deepening  of  the  color  on  further 
dilution  indicates  the  presence  of  the  colloidal  hydroxide  or  very 
basic  salt,  whereas  the  acid  reaction,  the  high  electrical  con- 
ductivity, the  power  to  invert  sugar,  etc.,  indicate  the  presence 
of  hydrogen  ions.  In  solutions  of  other  salts,  the  presence  of 
the  colloidal  or  basic  compound  is  generally  not  as  readily 
detected,  either  because  it  is  less  abundant  or  because  it  is  color- 
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less,  and  hence  is  less  easily  discovered.  Colloidal  hydroxides 
of  some  of  the  metals  are  well  known,  of  others  such  substances 
are  not  known ;  but  nearly  all  of  the  heavy  metals  form  basic 
salts  with  more  or  less  readiness.  In  most  solutions  the  amount 
of  such  colloidal  or  basic  compounds  is  small,  the  hydrolysis 
generally  being  less  than  one  per  cent,  and  but  seldom  exceed- 
ing three  per  cent. 

For  equivalent  strengths  of  solutions  the  relative  extent 
of  the  hydrolysis  of  salts  of  the  same  anion  is  determined  by  the 
readiness  with  which  the  various  metals  pass  into  the  ionic  state 
and  the  ease  with  which  they  form  basic  or  colloidal  compounds. 
The  tendency  that  the  metals  have  to  pass  from  the  metallic  to 
the  ionic  condition  is  expressed  by  the  so-called  electrolytic 
solution  tensions  of  the  metals.  These  have  been  calculated 
from  the  differences  of  potential  existing  between  the  metals  and 
normal  solutions  of  their  salts.'  Since  the  passing  of  a  metal 
from  the  metallic  to  the  ionic  state  is  not  identical  with  the 
formation  of  cations  from  a  salt  after  the  latter  is  once  formed, 
we  should  not  expect  to  find  a  simple  relation  between  the  solu- 
tion tensions  of  the  metals  and  the  degree  to  which  their  salts 
are  hydrolyzed.  Leaving  out  of  consideration  the  tendency  of 
the  metal  to  enter  colloidal  or  basic  combinations,  it  might  be 
expected,  however,  that  the  order  in  which  the  salts  of  the  heavy 
metals  of  the  same  anion  invert  sugar  be  the  same  as  that  in  the 
table  of  their  solution  tensions.  This  is  in  general  found  to  be 
the  case.  According  to  Neumann'  the  order  of  the  metals  in 
the  table  of  their  solution  tensions  is  :  Aluminum,  manganese, 
zinc,  cadmium,  iron,  nickel,  lead,  copper,  mercury. "^  Taking 
the  results  of  Walker  and  Aston  as  given  above  and  arranging 
the  metals  in  the  order  in  which  their  nitrates  invert  sugar,  be- 
ginning with  the  one  causing  least  inversion,  we  have :  Cad- 
mium, zinc,  lead,  aluminum.  Here  aluminum  is  last  instead  of 
first,  and  the  order  of  cadmium  and  zinc  is  the  reverse  of  that  in 
the  electrochemical  series  given  above.  A  consideration  of 
Long's  results  gives  the  order:  Manganese,  zinc,  iron,  alumi- 
num for  the  sulfates,  and  manganese,  iron,  lead,^  cadmium  for 

1  ComiMire  Neumann:  Zlschr.phys.  Chem.,  14,  323  and  329;    also  I«eBIanc's  Blektro- 
chemie,  pp.  183  ant)  185. 

*  Only  those  metaU  whose  salts  have  been  investiRated  as  to  their  sugar-inverting 
power  are  here  given. 

4  Taken  from  the  nitrate. 
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the  chlorides.  According  to  the  present  investigation  the  order 
for  the  sulphates  is  :  Nickel,  copper,  aluminum,  the  sulphates  of 
manganese,  zinc  and  cadmium  having  caused  practically  no 
inversion  at  55.5"*.  The  order  for  the  chlorides  is :  Manganese, 
cadmium,  copper,  mercury,  aluminum.  While  it  is  apparent 
that  the  order  is,  in  general,  similar  to  that  in  the  electro- 
chemical series,  it  is  clear  that  aluminum  is  a  striking  excep- 
tion, its  salts  being  the  most  hydrolyzed  of  those  tested  instead 
of  the  least.  According  to  Walker  and  Aston  and  also  accord- 
ing to  Long,  the  position  of  cadmium  is  lower  in  the  series  than 
it  should  be.  The  present  work  indicates  that  the  inversion 
by  cadmium  chloride  is  especially  influenced  by  temperature, 
and  as  the  electrochemical  series  was  determined  at  room  tem- 
perature and  the  inversion  was  carried  out  at  high  temperatures, 
this  might  account  for  the  abnormal  position  of  cadmium.  It 
remains  to  consider  the  relatively  high  degree  of  hydrolysis  of 
aluminum  salts.  This  metal,  like  iron  in  the  ferric  state,  forms 
a  colloidal  hydroxide.  According  to  the  above  considerations, 
this  tendency  of  aluminum  would  aid  the  hydrolytic  decomposi- 
tion of  its  salts.  The  freezing-point  results  on  alum  solutions, 
indicating  that  a  diminution  of  the  number  of  molecules  in  solu- 
tion occurs,  deserves  further  study  in  this  connection. 

The  results  of  Long,  and  also  those  contained  in  the  foregoing 
tables,  show  that  chlorides  invert  faster  than  sulphates.  The  ex- 
planation lies  in  the  fact  that  chlorine  has  a  greater  tendency  to 
pass  into  the  ionic  state  than  has  SO^.  Hence  in  the  solutions 
of  the  chlorides  the  number  of  anions  is  relatively  greater  and 
consequently  the  number  of  cations  is  also  greater,  resulting  in 
an  increase  of  the  nutiiber  of  hydrogen  ions  and  consequently 
more  rapid  inversion. 

Summary. 

The  main  results  of  this  investigation  may  be  summed  up 
briefly  as  follows  : 

1 .  The  freezing-point  method  maj''  be  successfully  employed 
in  determining  the  speed  of  the  inversion  of  sugar. 

2.  When  the  metals  are  arranged  in  a  series  according  to  the 
speed  with  which  their  salts  of  the  same  acid  radical  invert 
sugar,  it  appears  that  the  order  is  similar  to  that  of  the  electro- 
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chemical  series.  Aluminum  forms  a  notable  exception.  In  spite 
of  the  high  position  of  this  metal  in  the  electrochemical  series, 
its  salts  invert  sugar  more  rapidly  than  those  of  any  other  metal 
thus  far  tested. 

3.  Chlorides  invert  sugar  more  rapidly  than  sulphates,  because 
the  ionizing  tendency  of  chlorine  is  greater  than  that  of  the  sul- 
phuric radical. 
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50DlUn  ALUMINATB  AS  A  flEANS   FOR  THE   REHOVAL 

OF  LIHE  AND  SUSPENDED  HATTER  FROM   WATER 

FOR  USE  IN  BOILERS.' 

By  Charles  P.  Mabery  and  Edwin  B.  Baltzlby  . 

Received  October  5,  1898. 

THROUGHOUT  the  section  of  country  including  Northern 
Pennsylvania,  Ohio,  and  farther  west,  in  districts  removed 
from  the  lake  or  the  large  rivers,  the  only  sources  of  water  in  sea- 
sons of  drought  are  deep  wells.  Since  the  water  from  these  wells 
contains  large  quantities  of  lime  salts,  there  are  serious  difficul- 
ties in  the  way  of  procuring  water  suitable  for  use  in  steam 
boilers,  especially  in  locomotive  boilers.  Even  such  water  as 
that  from  Lake  Erie  or  the  rivers,  deposit  scale  to  such  an 
extent  as  to  occasion  extreme  inconvenience.  In  stationary 
boilers,  the  deposition  of  scale  may  be  avoided  at  least  in  part 
by  using  some  one  of  the  many  so-called  scale  preventatives,  nf 
the  boiler  is  in  charge  of  an  intelligent  engineer. 

The  inconvenience  of  boiler  scale,  the  additional  cost  in  fuel, 
the  injury  to  the  boiler,  and  the  danger  are  features  of  this 
question  familiar  to  all  who  have  charge  of  boilers.  The  large 
masses  of  scale  withdrawn  from  boilers  in  which  hard  or  turbid 
water  is  used,  are  not  surprising  when  the  great  quantities  of 
water  evaporated  in  boilers  under  high  pressures  are  taken  into 
consideration. 

The  wide  variations  in  the  composition  of  boiler  scale  are  de- 

1  The  work  described  in  this  paper  formed  the  subject  of  a  thesis  for  the  degree  of 
Bachelor  of  Science. 
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pendent  on  the  differences  in  the  water  used.  The  manner  of 
running  the  boiler  has  much  to  do  with  the  hardness  of  the  scale 
and  the  rapidity  of  its  formation.  The  chief  causes  of  the  for- 
mation of  scale  are  the  calcium  carbonate  and  sulphate  and  mag- 
nesium carbonate  contained  in  solution,  and  the  solid  matter 
held  in  suspension,  both  inorganic  and  organic.  All  these  points 
must  be  borne  in  mind  if  unpurified  water  is  to  be  used  in  a 
boiler.  There  has  been  for  some  time  a  feeling  on  the  part  of 
engineers  that  the  only  satisfactory  method  for  the  prevention  of 
boiler  scale  is  the  use  of  purified  water,  and  many  attempts  have 
been  made,  with  more  or  less  success,  toward  purification  of  the 
water  before  it  enters  the  boiler.  The  means  that  have  been 
tried  include  sedimentation,  precipitation  by  sodium  carbonate, 
sodium  hydroxide,  slaked  lime  either  alone  or  in  combination. 
£\H[dently  successful  purification  depends  on  removing  com- 
pletely the  suspended  matter  as  well  as  the  precipitation  of  the 
lime  and  magnesia.  In  thinking  of  what  combination  should 
most  effectually  and  economically  accomplish  these  results,  in 
any  hard  or  turbid  water,  it  occurred  to  one  of  us  (Mabery),  that 
sodium  aluminate  should  fulfill  the  conditions  demanded,  and  in 
trying  this  reagent  we  find  that  it  meets  all  requirements. 

The  general  method  includes  the  preparation  of  sodium 
aluminate  in  solution.  This  may  be  done  in  any  suitable  tank 
or  reservoir,  by  adding  sodium  hydroxide  in  the  proper  amount 
to  a  solution  of  aluminum  sulphate  of  known  strength,  and  add- 
ing to  the  water  a  definite  amount  (the  quantity  depending  on 
the  composition  of  the  water  to  be  purified),  agitating  thor- 
oughly, and  allowing  the  mixture  to  stand  some  time,  perhaps 
twelve  to  twenty-four  hours.  The  method  is  based  on  the 
following  reactions  r 

For  the  formation  of  sodium  aluminate  : 

Al,(SOj.  +  8NaOH  =  Al,O.Na,  +  3Na,SO,  +  4H,0. 
In  the  precipitation : 
CaH,(CO,),+  Al,0,Na,+ 2H,0  =  CaCO.+  2A10,H,+Na,CO,. 

CaSO,  +  Na,CO,  =  CaCO,  +  Na,SO,. 

Similar  reactions  evidently  take  place  with  magnesium 
carbonate  or  sulphate.  No  doubt  sodium  aluminate  can  be 
made  much  more  cheaply  by  fusing  a  tolerably  pure  clay  with 
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soda-ash.  Doubtless  it  may  also  be  obtained  cheaply  as  one  of 
the  products  in  the  preparation  of  soda-ash  from  cryolite. 

Numerous  experiments  were  made  with  different  proportions 
of  sodium  aluminate ;  the  best  results  were  obtained  by  using 
from  one-half  the  calculated  proportions  to  the  calculated  pro- 
portions of  aluminum  sulphate,  depending  on  the  composition  of 
the  water.  With  proper  proportions  of  aluminate,  aluminum 
hydroxide  was  completely  precipitated  on  standing.  Experi- 
ments on  different  waters  with  one-fourth  the  calculated  pro- 
portion of  aluminate  showed  that  this  amount  was  not  suffi- 
cient to  precipitate  the  lime  sufficiently.  In  applying  this 
method  its  effect  was  studied  on  waters  containing  different 
amounts  of  carbonate  and  sulphate,  as  well  as  on  waters  with  a 
great  variation  in  turbidity,  from  the  slightly  turbid  lake  water, 
to  specimens  thick  and  muddy.  In  every  instance  after  stand- 
ing from  twelve  to  twenty-four  hours,  the  water  became  perfectly 
clear.  The  extent  to  which  lime  and  magnesia  were  removed 
is  shown  by  results  obtained  in  the  following  waters : 

Very  hard  water  from  well  in  Ohio  : 

Calcium  sulphate 259.0 

Calcium  carbonate 146.0 

Magnesium  carbonate 177-3 

About  eighty-five  per  cent,  of  the  amount  of  aluminate  re- 
quired to  precipitate  all  the  lime  and  magnesia  was  added,  air 
was  blown  through  the  solution  for  a  few  minutes  and  the 
mixture  allowed  to  stand  twenty- four  hours.  Analysis  then 
showed  that  eighty-eight  per  cent,  of  the  lime  had  been  removed 
and  95.6  per  cent,  of  the  magnesia.  In  another  determination 
the  theoretical  amount  of  aluminate  was  added  and  the  solution 
treated  as  before.  Analysis  showed  that  98.1  per  cent,  of  the 
lime  had  been  removed  and  97.4  per  cent,  of  the  magnesia. 

The  next  water  tried  was  the  Massillon  city  water,  containing 

Calcium  sulphate 99.12 

Calcium  carbonate 1 13.2 

Magnesium  carbonate 131.  i 

After  treatment  with  the  theoretical  amount  of  sodium  aluminate 
the  total  lime  removed  was  equivalent  to  98.8  per  cent.,  and 
that  of  magnesia  98.0  per  cent. 
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In  anothet  experiment,  using  one-half  the  theoretical  amount, 
the  lime  removed  was  83.5  per  cent.,  and  that  of  the  magnesia 
90.6  per  cent. 

The  next  water  tried  was  a  very  turbid  sample  from  the  Cuy- 
ahoga river.  This  water  was  very  muddy  and  did  not  settle  on 
long  standing.  It  is  used  in  boilers.  A  clear  sample  of  this 
water  showed  the  following  composition  : 

Calcium  sulphate 68.0 

Calcium  carbonate 14.14 

Magnesium  carbonate 21.3 

Tieatment  with  the  theoretical  amount  of  aluminate  gave  un- 
satisfactory results. 

With  twice  the  theoretical  amount,  the  lime  remaining  was 
88.3  percent.,  and  the  magnesia  84.5  percent.  The  aluminate  is 
especially  serviceable  in  such  waters  as  this  in  removing  com- 
pletely the  turbidity. 

Although  the  water  of  Lake  Erie  does  not  contain  a  large  pro- 
portion of  solid  matter,  it  forms  scale  quite  rapidly  unless  some 
means  are  taken  to  prevent  it.  Analysis  of  a  sample  collected 
April  28,  1898,  gave: 

Calcium  carbonate 53-63 

Calcium  sulphate 32.61 

Magnesium  carbonate 21.53 

Analysis,  after  treatment  with  theoretical  aluminate,  gave  97.6 
per  cent,  lime,  and  93.2  per  cent,  magnesia  removed,  after  stand- 
ing thirty-six  hours.  With  one-half  the  theoretical  amount 
standing  forty-eight  hours  98.3  per  cent,  of  the  lime  was  re- 
moved and  ninety  per  cent,  of  the  magnesia.  With  one-fourth 
the  theoretical  amount  eighty-three  per  cent,  of  lime  was  re- 
moved and  sixty  per  cent,  of  the  magnesia. 

Prom  a  very  muddy  brook  water  containing  much  suspended 
matter,  with 

Calcium  sulphate 8.  i 

Calcium  carbonate 120.0 

Magnesium  carbonate • 23.0 

after  standing  forty-eight  hours,  the  theoretical  amount  of 
aluminate  removed  ninety-six  per  cent,  of  lime  and  ninety-six 
per  cent,  of  magnesia.  One-half  the  theoretical  amount  removed 
94.6  per  cent,  lime  and  94.4  per  cent,  magnesia. 
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In  treating  the  water  from  a  well  in  Ashtabula,  O.,  containing 

Calciatn  sulphate 96 

Magnesium  sulphate   39 

the  theoretical  amount  of  aluminate  removed  98.3  per  cent,  of 
the  lime  and  ninety-six  per  cent,  of  the  magnesia. 
A  well  in  Glenville,  O.,  containing 

Calcium  carbonate 99 

Calcium  sulphate 36 

Magnesium  carbonate 23 

after  treatment  with  theoretical  aluminate  showed  that  98.1  per 
cent,  of  the  lime  had  been  removed  and  ninety-five  per  cent,  of 
the  magnesia. 

To  test  still  further  the  efl5ciency  of  the  aluminate,  experi- 
ments were  made  with  sodium  hydroxide  alone,  using  various  pro- 
portions, but  the  removal  of  lime  was  not  much  more  than  half 
the  quantity  taken  out  by  aluminate,  and  the  magnesia  was  not 
affected.  An  important  effect  of  alumina  is  to  remove  suspended 
matter  which  it  does  rapidly  and  completely. 


THE  MEAT  OF  BROniNATION  TEST  FOR  OILS. 

By  AUGUSTUS  H.  Gill  and  Israel  Hatch,  Jr. 

Received  October  5,  1898. 

THIS  test  occupies  a  middle  position  between  the  Maumene 
and  Hiibl  tests ;  it  suffers  from  the  disadvantages  that 
the  required  apparatus  is  not  always  obtainable,  and  that  the 
results  obtained  with  different  apparatus  are  not  comparable. 
The  object  of  the  investigation  was  to  simplify  the  apparatus 
and  to  ascertain  if  some  substance  could  not  be  found  with  which 
the  ris^  of  temperature  could  be  compared,  and  thus  a  '^specific 
temperature  reaction"  obtained  similar  to  the  Maumen6  test. 

Apparatus  and  reagents  required  ;  twenty-five  cc.  graduated 
flask  ;  five  cc.  pipette ;  burette  ;  thermometer  divided  into  0.2° 
calorimeter;  measuring  apparatus;  bromine;  carbon  tetra- 
chloride. 

The  calorimeter  consists  of  a  flat-bottomed  glass  tube  about 
three  quarters  of  an  inch  in  internal  diameter,  and  four  inches 
long.  This  is  held  by  a  cork  in  a  beaker  two  inches  in 
diameter,  thus  making  an  air-jacket,  and  the  beaker  placed  in- 
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side  a  four  inch  beaker,  the  space  being  filled  with  cotton  waste ; 
this  cotton  jacket  guards  against  drafts. 

The  measuring  apparatus  is  that  devised  by  Wiley/  and  con- 
sists of  a  filter  bottle,  through  the  neck  of  which  passes  the  five 
cc.  pipette  carried  by  a  rubber  stopper.  The  side-neck  is  fitted 
with  a  blowing  bulb ;  by  pressing  this  bulb  the  liquid  in  the 
bottle  is  forced  up  into  the  pipette.  One  serves  for  the  oil,  and 
the  other  for  the  bromine  solution. 

The  bromine  solution  is  prepared  by  measuring  from  the 
burette  one  volume  of  Nomine  into  four  volumes  of  carbon  tetra- 
chloride, measured  with  the  flask  ;  it  is  kept  in  the  filter  bottle. 

Five  grams  of  the  oil  (ten  grams  of  a  tallow  or  neatsfoot  oil 
and  two  and  one  half  grants  of  a  drying  oil)  are  weighed  out  into 
the  twenty-five  cc.  flask,  and  made  up  to  the  mark  with  carbon 
tetrachloride  ;  it  is  then  poured  into  the  measuring  apparatus. 
Five  cc.  of  this  solution  are  accurately  withdrawn  and  run  into 
the  calorimeter,  care  being  taken  not  to  allow  it  to  flow  down  the 
sides.  The  thermometer  is  inserted  and,  when  the  temperature 
has  become  constant,  the  reading  is  taken.  Five  cc.  of  the  bro- 
mine solution  measured  out  similarly  to  the  oil,  are  allowed  to 
flow  down  the  sides  of  the  calorimeter  and  mix  with  the  oil ;  the 
reaction  is  instantaneous,  and  the  highest  temperature  is  noted. 
The  mixture  is  poured  out  of  the  calorimeter,  the  latter  wiped 
out,  and  allowed  to  cool  before  further  use.  At  least  three  obser- 
vations should  be  made,  and  the  results  should  agree  within  0.5"*. 

Notes :  During  the  addition  of  the  bromine  solution  to  the  oil 
the  mixture  should  not  be  stirred,  as  the  hot  liquid  will  be  cooled 
by  contact  with  the  sides  of  the  calorimeter. 

As  in  the  Maumen6  test,  the  two  solutions  should  beat  the 
same  temperature,  which  they  will  be  if  kept  in  the  same  room. 

It  was  found  that  the  bromine  solution  did  not  keep  well 
longer  than  two  days  ;  hence  a  large  quantity  should  not  be  pre- 
pared at  one  time. 

Chloroform  gives  a  slightly  higher  rise  than  over  carbon  tetra- 
chloride, as  would  be  expected  ;  this  was  found  to  be  1.7**  with 
the  apparatus  here  described.      Archbutt*  and  Jenkins'  find 

1  This  Journal,  i8,  378. 
>/.  Soc.  Chem.  Ind.^  16, 309. 
>  Ibid.,  193. 
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that  the  presence  of  water  either  in  the  bromine  or  the  oil  is 
apparently  of  no  influence. 

The  results  obtained  vary  with  each  calorimeter ;  hence  to 
make  them  comparable  they  must,  as  in  the  Maumen4  test,  be 
referred  to  some  standard.  Such  a  standard  has  been  found  in 
sublimed  camphor,  which  can  be  prepared  in  sufficient  purity  ; 
seven  and  five-tenths  grams  are  dissolved  in  carbon  tetrachloride 
and  brominated,  giving  an  average  rise  of  4.2^.  The  rises  in  tem- 
perature obtained  with  the  various  oils  were  divided  by  this 
number,  giving  a  specific  temperature  reaction  ;  if  this  be  multi- 
plied by  a  factor — found  by  dividing  several  of  the  iodine 
numbers  by  this  specific  temperature — the  iodine  value  of  any 
sample  may  b^  quite  closely  determined ;  this  is  shown  in  the 
following  table,  the  factor  being  17.18. 

Table  Showing  the  Relation  of  the  Bromination  and*  Iodine 

Values. 

Spec.  temp.  Iodine. 

Nftmeoloil.  Reaction.  Calculated.  Found. 

Neats-foot ...3.286  56.5  59.1 

Tallow 3.348  57.4  57-2 

Prime  lard 3.715  63.8  63.8 

Sperm 4.191  72.1  73.2 

No.  z  lard 4.096  70.3  73.9 

OliTe 4.762  81.8  82.0 

Cottonseed 5.667  97.3  103.0 

Corn 6.381  109.5  107.8 

Cod 8.002  137.4  135.0 

Linseed 9-049  155-6  160.0 

25°  paraffin 1.643  28.2  lo.i 

300°  lantern 1.190  20.5  0.0 

In  the  pase  of  the  hydrocarbon  oils  the  discrepancy  may  be 
due  to  the  fact  that  there  is  substitution  by  the  bromine  and 
none  with  the  iodine. 

ICaSS.  iMSTXTtTTB  OF  TbCHIVOI,OOY, 

October,  1898. 

THE  ANALYTICAL  CONSTANTS  OF  AHERICAN   LINSEED 

OIL. 

By  Augustus  H.  Gill  and  Augustus  C.  Lamb. 

Received  Octobers,  iWgS. 

GENUINE  samples  of  linseed  oil  having  been  found  to  yield 
lower  iodine  values  than  were  usually  accepted,  it  seemed 
desirable  to  determine  the  constants  of  some  American  oils  of  un- 
doabted  purity. 
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Nearly  all  the  principal  brands  in  the  market  were  represented, 
being  obtained  from  leading  manufacturers  in  the  east  and  west, 
whom  we  here  wish  to  thank  for  their  courtesy.  The  methods 
employed  were  those  in  common  use,  described  at  length  in  a 
little  book  by  one  of  us* ;  it  was  found  necessary  in  applying  the 
Maumen^  test  to  mix  the  linseed  oil  thoroughly  with  a  heavy 
petroleum  and  allow  to  stand  an  hour  or  two  before  the  treat- 
ment with  sulphuric  acid,  correcting  for  this  in  the  rise  obtained. 

The  results  are  given  in  the  accompanying  table  and  are  the 
mean  of  two  closely  agreeing  determinations. 

Constants  of  Linsbed  Oil. 

i  P        «■  0.  g.  g 

Brand.  ^S  5  |  !  !=         *  S"S        X.^^ 

^z     I      I       S.5-:    S-9-:    sti 
K     I     L     l§s    iss    i^g-3 

1.  Western  raw  0-933        79  97  174-7        180  7^ 

2.  "  '*     0.932        70  90  169.7        180  72 

3.  **  "    special...  0.934        73        105  178.0        178         72 

4.  Old  Calcutta  0.931  71.5  106  167.5  178  72 

5.  Eastern  oil 0.931  73  105  168.0  168  72 

6.  Western  boiled  0.936  74  100  178.8  178.8  18 

7.  Eastern        "       0.938  59.5  loi  169.5  171  18 

8.  Acid  bleached 0.934  52.5  103  160.0  160  84 

9.  Bleached  without  acid  .  0.932  60  105  162.0  162  84 

10.  Menhaden  oil 0-934        73-5      '35  i57-o        181         84 

Usual  constants 0.931-0.937  57-74  103-126  170-188 

Average 0.934  iii  176 

Samples  i,  6,  and  8  are  from  the  same  house,  as  also  are  5  and 
7  ;  sample  10,  menhaden  oil,  was  examined  because  it  is  used 
as  a  substitute  for,  and  an  adulterant  of,  linseed  oil.  Its  effect 
would  be  to  raise  the  Maumen6  test,  lower  the  iodine  value,  and 
retard  the  drying  properties  of  the  oil.  It  will  be  noticed  that 
the  constants  here  given  differ  from  those  usually  accepted  in 
that  the  Maumen^  and  iodine  tests  are  about  ten  and  four  per 
cent,  lower,  respectively. 

It  is  to  be  noted  further  that,  contrary  to  the  experience  of 
Dieterich*,  the  iodine  value  is  not,  in  the  majority  of  cases,  per- 
ceptibly increased  by  eighteen  hours*  standing. 

1  Gill :  A  Short  Handbook  of  Oil  Analysis, 
ay.  Soc,  Chem.  Ind.,  xa,  381. 
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By  C.  E.  Linbbaroer. 

Received  June  id,  tl98. 

IT  is  now  probably  almost  universally  recognized  that  an  ele- 
mentary laboratory  course  in  chemistry  should  include  some 
experiments  involving  the  use  of  the  balance  ;  that  quantitative 
as  well  as  qualitative  work  should  be  done  by  the  student. 
Indeed,  it  seems  that  the  fundamental  laws  of  the  science  could 
not  be  really  appreciated  without  some  quantitative  experiments 
being  performed.  Of  course,  such  work  cannot  be  done  with 
expensive  and  delicate  balances,  as  the  beginning  student  has 
neither  the  time  nor  the  requisite  skill  to  handle  them,  not  to 
speak  of  the  cost.  I  think  it  will  be  admitted  that  a  balance 
weighing  to  a  centigram  or  so  is  all-suflBcient.  The  balance 
should  also  weigh  rapidly,  and,  as  generally  the  weighing  is 
done  at  the  desk  where  the  student  does  the  rest  of  his  work, 
the  balance  should  take  up  a  minimum  amount  of  room,  and 
should  allow  of  frequent  removal  from  desk  to  desk  without  get- 
ting out  of  adjustment. 

One  of  the  most  vexatious  things  about  the  use  of  a  balance 
in  elementary  classes  is  the  loss  and  deterioration  of  the  weights. 
No  matter  how  careful  instructors  and  students  may  be,  weights 
will  get  lost  or  will  have  acid  spilled  upon  them  ;  and  their  re- 
placement is,  to  say  the  least,  bothersome.  A  balance  that  is 
not  subject  to  this  evil  and  is  at  the  same  time  rapid,  compact, 
and  sufficiently  accurate  is  shown  in  the  accompanying  cut. 

As  is  seen,  it  has  unequal  arms,  their  ratio  being  as  four  is  to 
one.  The  longer  arm  twenty  cm.  is  divided  into  too  equal 
parts,  notches  being  made  at  the  points  of  division.'  The 
weights  consist  of  three  riders  weighing  25,  2.5,  and  0.25  gram, 
respectively  ;  in  weighing,  the  positions  they  occupy  when 
equilibrium  is  attained,  show  at  a  glance  the  desired  weight. 
Thus,  the  reading  in  the  cut  is  7.42  grams.  The  riders  are 
given  a  ring-shape  so  that  they  form  an  integral  part  of  the 
balance ;  they  are  thus  secured  against  loss.  When  any  of 
them  are   not   needed,   they   maj'   be  placed  on  a   horizontal 
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arm  above  the  beam  and  are  thus  out  of  the  way  ;  their  sizes 
are  such  that  they  slip  easily  through  one  another.  The  capacity 
of  the  balance  is  1 1 1  .o  grams  ;  it  is  sensible  to  0.005  gi'^m  with 
no  load,  and  to  about  o.ot  gram  with  an  average  load.  The 
up  and  down  motion  of  the  pan  is  so  slight  and  the  lateral 
motion  of  the  beam  so  limited  by  stops  that  but  little  damage 
can  be  done  to  the  steel  knife  edges,  even  though  a  careless  stu- 


dent might  perchance  throw  the  object  to  be  weighed  upon  the 
pan.  Not  only  is  the  room  taken  by  the  balance  itself  small, 
but  the  room  that  would  be  occupied  by  weights  is  entirely 
spared.  To  prevent  corrosion  as  much  as  possible,  most  of  the 
parts  are  lacquered  in  black  with  white  and  gold  lettering;  not 
only  is  this  finish  durable,  but  it  also  prevents,  in  a  measure, 
the  balance  appearing  old  from  usage. 
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The  balance  is  made  by  the  Chicago  Laboratory  Supply  and 
Scale  Company,  31-45  West  Randolph  Street,  and  will  be  known 
as  the  '  *  Chaslyn  Balance . ' ' 


THE   DETERMINATION  OF   POTASH   A5   PERCHLORATE. 

By  F.  S.  Shfvbr. 
Received  July  (4. 1896. 

THE  increasing  use  of  potash  salts  for  fertilizing  purposes 
has  made  the  determination  of  potash  a  question  of  prime 
importance  to  the  agricultural  chemist. 

The  desire  to  devise  a  method  at  the  same  time  rapid  and 
accurate  has  been  manifested  in  many  ways  in  the  past  few  years, 
especially  in  Germany,  the  seat  of  the  great  potash  deposits. 

The  German  chemists  believe  they  have  solved  the  problem 
in  the  so-called  Stassfurt  method,  which  as  all  know  permits  of 
the  separation  of  the  potash  by  platinum  chloride  after  previous 
precipitation  of  sulphuric  acid  by  barium  chloride  in  slight 
excess,  and  in  a  strongly  acid  solution.  This  method  with, 
practice  is  quite  accurate  and  rapid,  with  a  slight  tendency^ 
however,  to  high  results  in  my  hands.  It  possesses  little  ad- 
vantage over  the  Lindo- Gladding  method,  in  so  far  as  rapidity 
and  accuracy  are  concerned. 

The  following  determinations  were  made  by  the  Stassfurt 
method — potassium  sulphate,  C.  P.,  and  potassium  chloride, 
C.  P.,  were  mixed  with  such  impurities  as  to  imitate  the  com- 
position of  commercial  sulphate  of  potash,  sulphate  of  potash 
and  magnesia,  kainit,  and  muriate. 

Tabi^e  I. 

K9SO4  KsS04  Error  on  Error  on 

used.  fouud.  K,S04.-  K,0. 

Gram.  Gram.  Gram.  Gram. 

Sulphate  Of  potash 0.3384         -329i        J0.0007        J0.0004 

Sulphateof  potashand  magnesia  0.1856         ^^g        +0.0007        +0.0004 

Kainit o.iooo         ^'^^        +0.0003        +0.0002 

o.  1009        -1-0.0009        +0.0005 

KCl  KCl  Error  on  Error  on 

used.  fouud.  KCl.  K,0. 

Gram.  Gram.  Gram.  Gram. 

Mariate 0.2506         0.2498        —0.0008        —0.0005 

0.2522         0.2514        — -0.0008        — 0.0005 

The  factor  used  for  converting  potassium  platinichloride  into 
potassium  sulphate  was  0.35694  which  is  practically  the  same 
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acid,  the  residue  stirred  with  twenty  cc.  of  hot  water  after 
which  perchloric  acid  is  added  in  quantity  not  less  than  one  and 
a  half  times  that  necessary  for  the  decomposition  of  all  salts 
present. 

The  solution  is  now  evaporated  with  frequent  stirring  to  a 
sirupy  consistency,  some  hot  water  is  again  added,  and  the  solu- 
tion evaporated  still  again  with  occasional  stirring  until  the 
disappearance  of  all  odor  of  hydrochloric  acid,  and  till  the 
appearance  of  white  fumes  of  perchloric  acid.  An  evaporation 
of  large  quantities  of  perchloric  acid  is  to  be  avoided.  If  this 
takes  place,  more  perchloric  acid  is  to  be  added. 

The  cooled,  more  or  less  sirupy,  contents  of  the  dish  are  well 
stirred  up  with  about  twenty  cc.  of  wash  alcohol  (ninety-six  per 
cent,  alcohol  containing  two-tenths  per  cent,  perchloric  acid), 
taking  care  however  not  to  reduce  the  potassium  perchlorate  to 
a  fine  powder.  After  the  alcoholic  solution  has  become  clear,  it 
is  decanted  through  the  asbestos  filters,  the  washing  repeated 
with  the  same  quantity  of  wash  alcohol,  allowed  to  settle  and 
decanted  again. 

The  residue  remaining  in  the  dish  is  freed  of  alcohol  by  gently 
warming,  evaporating  again  with  about  three-tenths  gram  of 
perchloric  acid  and  a  little  water,  and  washing  the  cooled  mass 
with  several  cc.  of  alcohol,  with  which  it  is  also  brought  into  the 
filters,  and  the  perchlorate  in  the  tubes  finally  covered  with  a 
little  pure  alcohol.  The  potassium  perchlorate  obtained  in  this 
way  contains,  according  to  Caspari,  no  phosphoric  acid,  or  only 
slight  quantities  of  the  same  ;  on  an  average  only  0.00057  gram 
phosphoric  acid. 

In  the  separation  of  sulphuric  acid,  Caspari  seeks  to  avoid,  as 
much  as  possible,  a  loss  of  potash,  since  he  precipitates  in  a 
strong  hydrochloric  acid  solution  at  the  boiling  temperature 
with  a  concentrated  solution  of  barium  chloride,  made  acid  with 
hydrochloric  acid.  Experiments  of  the  author  prove  also  the 
applicability  of  the  method  in  the  presence  of  other  acids  not 
volatile  on  the  water-bath,  as  chromic  acid,  and  also  boric, 
tartaric,  and  oxalic  acids.  If  ammonium  salts  are  present  they 
are  to  be  removed  either  with  soda-lye  or  milk  of  lime,  by  gentle 
heating  or  through  careful  ignition. 
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A.  Kreider'  has  followed  the  method  as  described  by  Caspari, 
and  has  obtained  very  satisfactory  results.  Kreider  found  the 
Gooch  crucible  preferable  in  the  filtering  of  the  perchlorate  and 
recommends  the  same  instead  of  the  tubes  proposed  by  Caspari. 
In  the  presence  of  phosphoric  acid,  the  previous  separation  of 
which  is  not  necessary,  it  appeared  advisable  according  to 
Kreider's  experiments  to  allow  the  perchlorate  precipitate  to 
stand  with  an  excess  of  perchloric  acid  before  treating  with 
alcohol. 

Six  determinations  made  of  potassium  unn^iixed  with  other 
bases  or  non-volatile  acids  gave  the  following  results  : 

In  two  cases  the  theoretical  amount  of  potash  (K,0)  was 
recovered  as  perchlorate ;  in  three  cases  there  was  a  loss  of  0.0002 
gram  ;  and  in  one  case  a  loss  of  0.0003  gram  ;  one-tenth  gram  of 
potassium  chloride  was  operated  on  in  all  cases.  In  order  to 
repeat  Kreider's  work,  and  to  ascertain  the  accuracy  of  the  pro- 
cess the  following  work  was  undertaken.  A  solution  of  chem- 
ically pure  potassium  chloride  was  prepared  by  dissolving  i  .0005 
grams  in  200  cc.  water.  One  cc.  of  the  solution  was  found  to 
contain  0.005  gram  potassium  chloride,  aliquot  portions  being 
measured  from  a  burette,  evaporated,  dried,  and  weighed. 

In  alt  the  work  here  reported  the  method  as  proposed  by 
Caspari  with  the  use  of  the  Gooch  crucible  as  suggested  by 
Kreider  was  employed. 

However  in  the  first  three  experiments  reported'  the  per- 
chlorate was  collected  on  paper  filters  as  suggested  by  Wense, 
washed  in  the  usual  way,  dried,  and  the  perchlorate  dissolved  in 
hot  water,  and  the  solutions  evaporated  to  dryness  in  platinum 
dishes  and  weighed. 

In  all  cases  the  weighed  perchJorate  was  a  little  discolored, 
due  to  the  fact  that  the  paper  filters  had  been  acted  on  to  a 
slight  extent  by  the  perchloric  acid,  causing  them  to  char  a  little 
around  the  edges  during  the  process  of  drying.  In  the  subse- 
quent leaching  with  hot  water,  some  of  this  carbonaceous 
material  dissolved,  and  went  in  solution  with  the  perchlorate. 

The  results  obtained  by  weighing  in  dishes  as  above  described 
were  as  follows : 


38  F.   S.   SHIVKR. 

Tabi«b  I. 

KCl  Bquiva- 

solution  lent  to  KCl  Brror  on  Error  on 

used.  KCl.  found.  KCl.  K^O. 

cc.  Gram.  Gram.  Gram.  Gram. 

1 6.2       0.0310       0.0310       -hO'Oooo       +0.0000 

II 8.1        0.0405        0.0411        +0.0006        +0.0004 

III 5.0         0.0250         0.0253  +0.0003         +0.0002 

Average  0.0322        0.0325        +0.0003        +0.0002 

It  will  thus  be  seen  that  the  average  error  in  these  determina- 
tions is  0.0003  gram  KCl ;  it  is  possible  that  this  slight  plus 
error  is  due  to  the  slight  discoloration  already  noticed,  and  the 
weighing  in  dishes  is  not  to  be  recommended  though  the  results 
obtained  are  sufficiently  accurate  for  all  practical  purposes.  In 
the  other  experiments  which  follow  the  potassium  chloride  was 
weighed  out  directly  for  analysis,  and  the  perchlorate  was 
collected  always  in  a  Gooch  crucible. 

Tabi^e  II. 

KCl  used.       KCl  found.    Error  on  KCl.     Error  on  KtO. 
Gram.  Gram.  Gram.  Gram. 

1 0.0848  0.0859  o.ooi  I  +0.0007 

II 0.0217  0.0217  0.0000  0.0000 

III 0.0419  0.0413  — 0.0006  —0.0004 

IV 0.1007  0.1009  +0.0002  +0.0001 

V 0.1003  O.IOI5  +0.0012  +0.0008 

VI 0.I016  0.IOI5  — o.OOOI  —0.0000 

VII 0.0217  0.0210  — 0.0007  —0.0004 

Average..  0.0675  0.0677  +0.0002  +0.0001 

In  the  above  determinations  ^o.  I  was  among  the  first  made, 
and  it  is  possible  that  the  slightly  high  results  obtained  were  due 
to  lack  of  familiarity  with  the  method.  Excluding  No.  I,  the 
average  would  be  as  follows  : 

KCl  used.  4^C1  found.  Error  on  KCl.        Error  on  K,0. 

Gram.  Gram.  Gram.  Gram. 

0.0647  0.0647  0.0000  0.0000 

It  would  thus  appear  that  the  determination  of  potash  as  per- 
chlorate in  mixtures  free  from  other  bases  and  non- volatile  acids, 
is  quite  accurate,  equally  as  much  as  the  determination  by  plat- 
inum salt. 

After  nitrogen  and  phosphoric  acid,  potash  is  the  compound 
one  has  mostly  to  determine  in  fertilizers,  plants,  and  soils. 
The  potash  is  usually  combined  with  sulphuric,  nitric,  or 
carbonic  acid,  and  more  rarely  with  phosphoHc  acid. 
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These  salts  are  almost  always  associated  with  alkaline  salts 
and  the  alkaline  earths.  It  is  now  therefore  a  question  of  the 
applicability  of  the  perchloric  acid  method  to  the  determination 
of  potash  when  associated  with  these  other  bases,  and  non- volatile 
acids,  such  as  sulphuric  and  phosphoric  acid.  In  regard  to  the 
bases  it  has  been  contended  by  some  that  magnesia  is  a  disturb- 
ing element  in  the  determination  of  potash  by  perchloric  acid. 

Schloesiug  has  shown,  however,  that  in  the  following  mixture, 
after  the  removal  of  sulphuric  acid  by  barium  chloride  and 
conversion  of  bases  into  perchlorates,  the  magnesia  did  not  have 
any  disturbing  effect. 

Gram. 

Potassium  chloride 0.0835 

Magnesium  sulphate 0.5740 

Sodium  chloride 0.1298 

Calcium  chloride 0.2330 

In  this  mixture,  there  was  recovered,  by  proceeding  as  above 
stated,  0.0814  gram  potassium  chloride.  Kreider  has  also  shown 
that  magnesia  has  no  disturbing  effect.  He  treated  o.  1500  gram 
magnesium  carbonate  with  perchloric  acid,  evaporated  till  fumes 
of  perchloric  acid  appeared  and  cooled,  when  magnesium  per- 
chlorate  crystallized  ;  on  treating  this  with  alcohol  a  perfectly 
clear  solution  was  obtained.  It  was  also  thought  that  it  was 
necessary  to  remove  all  non-volatile  acids,  previous  to  the  separa- 
tion of  the  potash  as  perchlorate.  Caspari  and  Kreider  have, 
however,  shown  that  it  is  only  necessary  to  remove  sulphuric 
acid.  In  order  to  secure  a  nearly  complete  separation 
of  phosphoric  acid  from  the  potassium,  Kreider  has  shown 
that  a  considerable  excess  of  perchloric  acid  should  be  left  upon 
the  potassium  perchlorate  before  it  is  treated  with  the  alcohol. 

Kreider's  results  on  a  mixture  containing 

Gram. 

Potassium  chloride o.i 

Magnesium  sulphate • 0.13 

Aluminum  sulphate 0.05 

Sodium  phosphate 0.4 

Calcium  carbonate 0.13 

Perric  chloride 0.05 

Manganese  dioxide 0.05 

were  quite  promising  as  will  be  seen  from  the  results  reported 
in  the  American  Journal  of  Science^  49,  448. 
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The  method  as  modified  by  Caspar!  and  Kreider  is  quite 
promising,  and  I  hope  in  the  near  future  to  do  some  further 
work  on  the  determination  of  potassium  associated  with  other 
bases  and  non-volatile  acids. 

Preparation  of  Perchloric  Acid. 

As  perchloric  acid  is  not  a  regular  article  of  commerce  it 
becomes  necessary  for  each  one  desiring  it  to  make  his  own 
supply.  There  may  be  mentioned  briefly  four  methods  for  its 
preparation  and  the  literature  in  which  detailed  directions  may 
be  found. 

The  Method  as  Proposed  by  Schloesing, — Prepare  first  potassium 
perchlorate  from  potassium  chlorate  by  heating  in  the  usual  way. 
The  mass  after  the  decomposition  of  the  chlorate  is  treated  with 
boiling  water,  and  then  rapidly  cooled;  the  crystals  of  potassium 
perchlorate  separate ;  the  potassium  chloride  remains  in  solution 
with  some  of  the  perchlorate  also .  The  perchlorate  is  then  dissolved 
and  treated  with  sufficient  quantity  of  hydrofluosilicic  acid  to 
obtain  the  potassium  fluosilicate,  the  perchloric  acid  being 
liberated.  After  standing  a  while  the  precipitate  is  filtered  off, 
and  the  filtered  solution  containing  the  perchloric  acid  is  concen- 
trated and  treated  with  ammonia.  The  ammonia  salt  is  next 
decomposed  Sby  hydrochloric  and  nitric  acids,  and  the  solution 
then  evaporated  on  a  water-bath  to  a  sirupy  consistency. 

The  solution  is  left  in  this  condition  for  a  day  or  two,  to 
separate  further  any  crystals  of  potassium  perchlorate  it  may 
contain.  The  supernatant  liquid  is  then  ready  for  use  after  a 
blank  experiment  has  been  conducted  with  the  same. 

Process  of  Perrey. — Perrey  has  sought  to  avoid  completely  the 
presence  of  potash  in  the  reagent.  He  makes  use  of  the 
principle  recognized  first  by  S6rullas  that  chloric  acid,  distilled, 
furnishes  a  third  of  its  weight  of  perchloric  acid.  Barium 
chlorate,  a  salt  easily  prepared,  is  dissolved  in  water,  and  the 
solution  precipitated  with  sulphuric  acid,  leaving  the  chlorate, 
however,  in  slight  excess.  After  filtration  the  solution  is  concen- 
trated and  distilled,  the  distillate  being  collected  for  use  as  soon 
as  white  vapors  show  themselves  in  the  body  of  the  retort. 

The  product  which  one  receives  is  contaminated  with  a  little 
chloric  acid  and  chlorine  which  can  be  expelled  on  the  water- 
bath.     The  yield  of  perchloric  acid  is  about  the  same  as  in  the 
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Schloesing  process.  For  details  of  these  two  processes  consult 
Grandeau:  *'Trait6  d* Analyse  des  Matiferesagricoles,'*  i,  88-91. 
Caspari's Method, — This  method  is  quite  similar. in  principle  to 
the  method  described  by  Schloesing.  Potassium  chlorate  is 
used  as  a  basis,  potassium  perchlorate  being  prepared  from  it 
in  the  usual  way.  The  potassium  perchlorate  dissolved  in  water 
is  then  treated  with  hydrofluosilicic  acid  at  the  boiling  tempera- 
ture, the  reaction  being  as  follows  : 

2KCIO,  +  H.SiF.  .-=  K,SiP.  +  2HCIO,. 

The  solution  is  then  filtered  on  an  asbestos  filter  under  pressure, 
the  clear  filtrate  evaporated  on  a  steam-bath  to  small  bulk, 
and  allowed  to  stand  for  twenty-four  hours,  whereby  is  effected 
the  separation  of  any  remaining  potassium  fluosilicate  or  per- 
chlorate. It  is  again  filtered  and  diluted  with  an  equal  quantity 
of  water  and  barium  chloride  added  in  slight  excess  to  remove 
last  traces  of  sulphuric  acid  and  hydrofluosilicic  acid.  The 
clear  supernatant  liquid  is  then  poured  off  and  evaporated  on  a 
water-bath  till  white  fumes  of  perchloric  acid  appear. 

The  solution  is  then,  after  allowing  any  potassium  perchlorate 
that  may  be  present  to  separate  again,  diluted  with  water  and 
the  excess  of  barium  salt  most  carefully  removed  with  sulphuric 
acid.  The  solution  is  allowed  to  stand  for  several  days,  then 
filtered  through  paper,  and  is  ready  for  use. 
.  For  details  of  the  process  consult  Wiley's  Agricultural 
Analysis,  2,  290,  and  Ztschr,  angew.  Chem,^  i8g8y  p.  68. 

Krtider*s  Method. — By  far  the  most  simple  and  rapid  of  all  the 
methods  proposed  for  the  preparation  of  perchloric  acid  is  that 
worked  out  by  Kreider.  The  method  depends  upon  the  pro- 
duction of  sodium  perchlorate  from  sodium  chlorate  by  heating, 
in  the  usual  way,  the  subsequent  decomposition  of  the  sodium 
perchlorate  by  hydrochloric  acid  with  the  liberation  of  perchloric 
add  and  the  precipitation  of  sodium  chloride  which  is  separated 
by  decantation  or  filtration.  The  filtered  solution  is  con- 
centrated on  a  water-bath  till  white  fumes  of  perchloric  acid 
appear,  then  cooled  and  diluted  with  water  when  it  is  ready  for 
use. 

It  is  manifest  that  the  acid  thus  prepared  is  not  chemically 
pure,  since  sodium  chloride  is  not  absolutely  insoluble  in  hydro- 
chloric acid,  but  if  a  portion  of  the  acid  prepared  as  above  be 
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tested  with  silver  nitrate  it  will  be  readily  seen  that  any  sodium 
chloride  which  may  have  remained  in  solution,  has  been  con- 
verted into  perchlorate .  Furthermore ,  unless  the  sodium  chlorate 
used  contained  some  potassium  or  on  evaporation  the  acid  was 
exposed  to  fumes  of  ammonia,  the  residue  from  the  evaporation 
of  a  portion  of  the  acid  prepared  as  above,  will  be  entirely 
soluble  in  alcohol,  and  the  presence  of  any  sodium  perchlorate 
is  therefore  entirely  unobjectionable. 

I  have  in  the  course  of  my  work  on  this  subject  prepared  the 
acid  by  this  method  several  times,  and  have  always  found  the 
process  very  satisfactory,  requiring  but  little  time  and  attention. 
In  my  work,  however.  I  found,  as  the  result  of  blank  determina- 
tion on  the  acid  thus  prepared,  a  very  small  residue  insoluble 
in  alcohol  for  which  in  all  cases  corrections  were  made.  This 
correction  was  very  slight,  and  in  no  way  condemns  the  process, 
since  it  is  a  very  simple  matter  to  determine  it  once  for  all  on 
any  lot  of  acid,  and  make  the  proper  use  of  the  same  in  the 
actual  determination. 

For  detail  of  the  process  consult  Kreider's  article  in  the 
American  Journal  of  Science ,  49,  445-446. 
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BURETTE. 

THE  frequent  use  of  Mohr's  burette  with  Geissler*s  glass 
stop-cock  during  the  past  summer  called  the  writer's 
attention  to  two  points  which,  it  was  thought,  might  be 
improved. 

The  handle  of  the  glass  stop-cock,  as  usually  made,  is  turned 
toward  the  right.  Right-handed  persons  usually  find  it  easier 
to  operate  the  stop-cock  with  the  left  hand  and  stir  or  shake  the 
titrated  liquid  with  the  right.  In  order  to  facilitate  this,  the 
stop-cock  of  a  burette  was  cut  off  and  sealed  on  again  with  its 
handle  toward  the  left.     See  Fig.  i. 

In  titrating,  much  care  has  to  be  exercised  lest  the  mark 
upon   the    float    should    sink    below  the   graduations  on  the 
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scale  of  the  burette.  To  render  this  impossible  and  to  en- 
able one  to  see  more  easily 
the  scale  and  the  titrated 
liquid  at  the  same  time,  the 
tip  of  the  burette  was  elonga- 
ted to  about  fourteen  inches 
by  sealing  in  a  piece  of  glass 
tubing  between  the  stop-cock 
and  the  constricted  extrem- 
ity. This  elongated  tip  was 
bent  to  the  front  and  a  little 
to  the  right  just  below  the 
stop-cock,  and  then  upwards. 
Two  more  bends  were  so 
placed  that  the  end  of  the  tip 
was  about  three  inches  in 
front  and  one  inch  to  the  right 
of  the  lowest  mark  upon 
the  fifty  cc.  burette.  By 
this  arrangement,  with  the 
stop-cock  wide  open,  not  a 
dropof  liquid  will  flow  out  after 
the  liquid  meniscus  in  the 
burette  has  reached  the  level 
of  the  end  of  the  tip,  which, 
as  described,  is  just  opposite 
the  fifty  cc.  mark  of  the 
scale.  If  the  tip  be  placed  a 
little  higher  up,  say  opposite 
the  forty-nine  cc.  mark,  the 
instrument  may  be  used  with 
a  float  or  without.  The  long 
narrow  burette  with  the  new  '''°'  '' 

tip  can  be  held  much  closer  to  the  table  by  the  burette  clamp, 
and  the  easy  reading  of  the  upper  end  of  the  scale  is  thereby 
facilitated. 

ELECTRIC  HEATER  ADAPTED  FOR  USB  IN   ETHER  EXTRACTION. 

During  the  past  year,  a  large  number  of   extractions  with 

Sohxlet's  apparatus  have  been  performed  in  this  laboratory.     In 


^ 
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order  to  continue  this  operation  during  the  night  time  without 
the  danger  of  fire,  an  electric  heater  was  devised  which  could  be 
put  in  operation  by  closing  a  switch  and  which  kept  the  water  at 
the  proper  temperature  as  long  as  desired.  The  heater  (Fig.  2)  is 
made  of  coils  of  No.  24,  soft  iron  wire,  wrapped  upon  a  brass 
rod,  and  insulated  from  the  rod  and  from  each  other  by  thin 
sheet  asbestos.     The  winding  was  done  rapidly  by  placing  in 
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the  lathe  chuck  a  brass  rod  six  inches  long  and  three-eighths  of 
an  inch  in  diameter,  laying  a  sheet  of  asbestos  paper  over  it, 
and  winding  on  the  wire,  keeping  the  turns  about  one-thirty- 
second  of  an  inch  apart  to  prevent  short  circuiting.  Having 
wound  one  coil,  a  second  sheet  of  asbestos  is  put  on,  and  a 
second  coil  wound  on  it,  and  so  on  until  the  desired  resistance  is 
obtained.  The  ends  of  the  iron  wire  are  soldered  to  short  pieces  of 
No.  12  insulated  copper  wire  which  serve  to  bring  in  the  elec- 
tric current.  The  cylinder  thus  made  is  slipped  into  a  closely 
fitting  tube  of  sheet  copper  and  the  ends  of  the  latter  are  soldered 
on.  A  small  hole  or  notch  is  left  at  one  end  of  the  copper  tube 
through  which  the  insulated  wires  pass.  These  copper  wires 
are  pushed  through  a  narrow  piece  of  brass  tubing  about  four 
inches  long,  and  the  tubing  is  soldered  to  the  copper  cylinder  in 
a  position  perpendicular  to  the  axis  of  the  latter.  The  heater  is 
placed  in  a  four-holed  water-bath  and  the  brass  tube  with  the 
copper  wires  is  pushed  up  through  a  small  hole  made  in  one 
corner  of  the  top  of  the  bath.     The  tube  may  be  soldered  to  the 
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V 

edges  of  the  hole.  The  ends  of  the  copper  wires  are  made  fast 
to  binding  posts,  screwed  into  a  narrow  strip  of  wood  upon  the 
front  of  the  battery  of  water-baths. 

One  heater  is  required  for  each  four-holed  water-bath,  and  the 
heaters  are  connected  in  parallel.  The  length  of  the  iron  wire 
in  one  heater  is  seventy  feet,  and  its  resistance  when  hot  is 
twenty-six  ohms.  The  potential  difference  across  the  ends  of 
the  heating  coils  is  fifty-two  volts,  thus  using  two  amperes  of 
current  and  104  watts  per  heater.  The  heat  generated  is  suffi- 
cient to  keep  the  water  in  the  bath  at  65°  C,  and  the  ether  in 
the  extraction  apparatus  falls  from  the  condenser  at  the  rate  of 
twenty  or  twenty-five  drops  per  minute.  The  currents  from  a 
storage  battery  and  from  a  125- volt  dynamo  have  been  used  to 
run  this  apparatus  with  perfect  success,  and  with  little  attention 
and  no  risk  of  fire. 

September  2s.  1S9S. 


GLYCOLLIC  ACID:  ONE  OF  THE  ACIDS  OF  SUQAR-CANE. 

By  Edmund  C.  Shorby. 

Received  September  a6,  x8g8. 

IN  continuing  work  on  organic  non-sugar  in  sugar-cane,  indi- 
cated in  a  paper*  **  On  the  Principal  Amid  of  Sugar-Cane/' 
glycollic  acid  was  prepared  from  the  sugar-cane  amid  by  the 
action  of  nitrous  acid, 

CH,NH,COOH  +  HNO,  =  CH,OHCOOH  +  N,  +  H,0 

and  the  acid  so  obtained  compared  in  chemical  and  physical 
properties  with  glycollic  acid  obtained  from  other  sources,  mono- 
chloracetic  acid,  hippuric  acid,  etc.  The  samples  of  glycollic 
acid  obtained  in  various  ways  were  found  to  be  identical  in 
every  respect  with  that  obtained  from  the  sugar-cane  amid. 

The  presence  of  glycollic  acid  as  such  in  sugar-cane  was,  in  a 
sense,  discovered  by  accident,  and  its  isolation  and  identification 
is  of  considerable  interest  to  the  sugar  manufacturer,  the  analyst, 
and  the  student  of  plant  physiology.  It  was  noted  that  on  add- 
ing a  few  drops  of  strong  nitric  acid  to  a  sample  of  cane  juice, 
clarified  for  the  polariscope  in  the  usual  way,  with  a  slight 
excess  of  lead  subacetate,  a  white  crystalline  precipitate  was 
thrown  down.     This,   on  examination,  was  found  to  contain 

1  This  Journal,  19, 11. 
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lead,  and  on  decomposing  with  hydrogen  sulphide  gave  an  acid 
solution,  which,  on  evaporation  to  a  sirup,  deposited  needle- 
shaped  crystals,  generally  grouped  in  radiating  clusters.  These 
crystals  were  exactly  the  same  in  appearance  as  those  of  glycol- 
lic  acid,  which  had  been  prepared  from  various  sources,  and 
were  found  to  possess  the  same  chemical  and  physical  proper- 
ties. To  further  verify  the  identity  of  the  various  preparations 
with  glycollic  acid,  this  acid  was  prepared  by  still  another 
method  ;  viz,,  by  the  action  of  caustic  potash  on sulphonic  acetic 
acid, 

/SO^OH  /OH 

CH,<  +     KOH     =     CH,<  +     KHSO.. 

^COOH  ^COOH 

The  glycollic  acid  formed  in  this  case  was  the  same  in  every 
respect  as  that  which  had  already  been  pijepared  by  other 
methods. 

The  crystalline  precipitate  thrown  down  by  nitric  acid  appears 
to  be  a  mixture  of  normal  and  basic  lead  glycollates,  containing 
from  sixty  to  seventy  per  cent,  of  lead.  The  isolation  of  gly- 
collic acid  from  cane  juice  in  this  way  is  open  to  the  objection 
that  it  may  have  been  formed  from  glycocoU  by  the  action  of 
some  nitrous  acid  in  the  nitric  acid,  and  may  not  occur  as  such 
in  the  cane.  To  remove  this  objection,  advantage  was  taken  of 
the  sparing  solubility  of  the  copper  salt,  and  the  acid  has  been 
isolated  from^caue  juice  in  quite  large  quantities  by  the  follow- 
ing method : 

The  fresh  cane  juice  was  treated  with  an  excess  of  freshly 
precipitated  cupric  hydroxide,  washed  thoroughly  with  cold 
water  by  decantation,  and  the  precipitate  treated  with  hydrogen 
sulphide,  filtered  from  cupric  sulphide,  and  the  resulting  acid 
solution  evaporated  until  crystals  began  to  form,  when,  on  cool- 
ing, a  solid  mass  of  crystals  was  obtained.  By  this  method  gly- 
collic acid  equivalent  to  from  seventy-five  to  eighty  per  cent,  of 
the  total  acidity  of  the  juice  has  been  obtained  ;  but  its  value  as 
a  quantitative  method  has  not  been  established.  Glycollic  acid 
prepared  in  the  various  ways  mentioned  has  been  obtained  in 
four-sided  needle-shaped  crystals  generally  arranged  in  tufts, 
soluble  in  water,  alcohol,  and  ether,  with  a  purely  sour  taste  not 
unlike  that  of  tartaric  acid.     If  great  care  be  taken  not  to  carry 
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the  evaporation  of  the  solution  too  far,  the  crystals  are  quickly 
formed,  are  completely  soluble  in  water  again,  are  unchanged 
in  the  air,  melt,  turn  brown,  and  decompose  below  loo®  C,  and 
give  precipitates  in  neutral  solution  with  lead  acetate,  mercuric 
nitrate,  and  cupric  sulphate. 

The  most  notable  characteristic  of  glycollic  acid  is  the  ready 
formation  of  the  anhydride.  If  the  water  solution  be  evaporated 
to  dryness  stopping  short  of  the  formation  of  brown  color,  the 
mass  of  crystals  presents  the  same  appearance  as  that  obtained 
by  careful  evaporation  noted  above ;  but  it  rapidly  deliquesces 
in  the  air,  and  on  treating  with  water  a  portion  is  found  to  be 
insoluble  as  white  flocks  or  as  a  white  powder.  This  insoluble 
portion  is  the  anhydride,  part  of  which  is  dissolved  by  the  acid 
remaining,  resulting,  if  not  too  dilute,  in  a  thick  solution  not 
unlike  vaseline,  from  which  needles  of  glycollic  acid  are  slowly 
deposited.  If  the  free  acid  be  neutralized  with  caustic  soda  the 
whole  of  the  anhydride  is  precipitated. 

In  some  respects  glycollic  acid  resembles  malic  acid,  and 
might,  in  some  cases,  be  confounded  with  it,  but  it  differs  at  the 
following  points : 

1.  Glycollic  acid  is  more  readily  obtained  in  crystalline  form. 

2.  It  is  optically  inactive :  natural  malic  acid  appears  to  be 
always  optically  active,  being  right-  or  left-handed  as  it  is  more 
or  less  concentrated. 

3.  The  lead  precipitate  obtained  from  neutral  solution  of  gly- 
collic acid  is  soluble  in  acetic  acid  and  insoluble  in  strong  am- 
monia. 

4.  On  heating,  glycollic  acid  chars  and  suffers  decomposition, 
the  chief  product  of  which  is  formic  acid.  Malic  acid  decom- 
poses into  maleic  and  fumaric  acids,  which  can  readily  be  iden- 
tified. 

Aconitic  acid  has  often  been  stated  to  be  present  in  sugar- 
cane, and  for  this  reason  the  glycollic  acid  in  cane  juice  might 
be  mistaken  for  it,  but  they  can  readily  be  distinguished  by  the 
fact  that  aconitic  acid  melts  at  140°  C.  boils  at  160°  C,  decom- 
posing into  itaconic  acid  and  carbon  dioxide.  I  have  before  me, 
at  the  present  writing,  preparations  of  glycollic  acid  made  in 
the  following  ways : 
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1.  By  the  action  of  nitrous  acid  on  glycocoU,  obtained  from 
hippuric  acid. 

2.  By  the  action  of  nitrous  acid  on  glycocoll  obtained  from 
sugar-cane. 

3.  Obtained  directly  from  cane  juice  by  treatment  with  cupric 
hydroxide  and  subsequent  decomposition  with  hydrogen  sul- 
phide. 

4.  By  the  action  of  caustic  potash  on  sulphonic  acetic  acid 
and  isolation  as  the  copper  salt,  as  above. 

These  four  preparations  are  exactly  the  same  in  appearance, 
and  I  have  not  been  able  to  find  any  physical  or  chemical  test, 
by  which  one  can  be  distinguished  from  another. 

To  the  sugar  manufacturer  the  presence  of  glycollic  acid  pre- 
sents the  following  points  of  interest :  In  evaporating  cane  juice 
in  multiple-efifect  evaporators,  acid  vapors  are  sometimes  given 
off  and  the  free  acid  can  be  found  in  the  condensed  vapor  from 
the  following  drum,  or  under  other  conditions  the  acid  is  found 
in  this  water  in  combination.  In  the  Planters^  Monthly  (Hono- 
lulu), .  X5,  8,  £.  Hartmann  has  shown  that  these  condensed 
vapors  contain  organic  acids,  chiefly  formic,  in  combination  with 
iron.  Hartmann  assumes  that  the  formic  acid  results  from  the 
oxidation  of  sugar  in  the  process  of  evaporation  ;  but,  as  I  have 
already  noted,  glycollic  acid  is  decomposed  below  loto**  C,  giv- 
ing formic  acid  as  one  product  of  decomposition,  and  it  is  quite 
possible  for  this  decomposition  to  take  place  in  cane  juice  under 
certain  conditions. 

The  formic  acid,  given  off  on  heating  glycollic  acid,  I  have 
identified  by  its  general  physical  properties,  its  action  on  silver 
nitrate,  and  by  its  conversion  into  the  copper  salt,  the  anhy- 
drous salt  containing  41 .  i  per  cent,  copper.  The  exact  behavior 
and  conditions  under  which  free  glycollic  acid  and  the  calcium 
salt  decompose,  or  undergo  change,  when  heated  in  sugar  solu- 
tions, are  not  yet  determined,  and,  as  subjects  of  future  study, 
present  possible  explanation  of  several  hitherto  unexplained 
facts  in  sugar-house  work.     Three  of  these  may  be  briefly  noted  : 

I.  It  is  known  that  if  raw  acid  cane  juice  be  boiled  or  evapo- 
rated, it  becomes  less  acid,  and  it  is  also  well  known  that  start- 
ing with  cane  juice  exactly  neutral,  the  molasses  from  the  second 
or  third  sugar  may  be  quite  acid,  without  any  fermentation  hav- 
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ing  taken  place.  The  ease  with  which  glycoUic  acid  is  con- 
verted into  the  anhydride,  which  is  a  neutral  body,  and  the  fact 
that  the  anhydride,  on  long  boiling  with  water,  is  converted  into 
the  acid  again,  have  a  very  probable  connection  with  these 
facts. 

2.  The  natural  coloring-matter  of  cane  juice  is  quite  different 
from  that  which  results  from  the  processes  of  sugar  manufac- 
ture, and  which  causes  largely  the  dark  color  of  low-grade 
sugars  and  molasses.  The  former  can  be  completely  removed 
by  lead  subacetate,  while  the  latter,  which  seems  to  partake  of 
the  nature  of  caramel,  cannot,  in  many  cases,  be  removed  by 
any  reagent.  The  ease  with  which  glycoUic  acid  chars  or 
becomes  brown  when  heated,  explains  pro'bably  the  presence  of 
a  portion  of  this  coloring-matter  in  low-grade  products  of  the 
sugar  house. 

3.  It  is  customary  to  boil  low-grade  molasses  to  a  certain  con- 
sistency known  as  "  string  proof,"  and  molasses  thus  boiled  is 
placed  in  coolers  or  wagons  and  allowed  to  remain  until  granu- 
lation has  reached  the  point  when  the  massecuite  can  be  con- 
veniently and  profitably  dried  in  centrifugal  machines.  It 
sometimes  happens  that  in  a  short  time,  twenty-four  to 
thirty-six  hours  after  this  massecuite  has  been  placed  in 
coolers  or  wagons,  considerable  frothing  or  foaming  takes  place, 
and  a  considerable  portion  of  the  massecuite  runs  over  on  the 
floor.  In  Louisiana,  where  it  happens  much  more  commonly 
than  in  Hawaii,  this  foaming  is  attributed  to  boiling  at  too  high 
a  temperature,  165*  F.  being  considered  the  point  beyond  which 
it  is  not  safe  to  go.  In  Hawaii  this  rule  does  not  always  apply, 
but  when  foaming  takes  place  it  undoubtedly  is  due  to  the 
decomposition  of  some  body  in  the  slowly  cooling  mass,  and  the 
gas  resulting  from  this  decomposition  entangled  in  the  viscous 
mass  necessarily  causes  foaming.  The  presence  of  glycoUic 
acid,  a  body  easily  decomposed  at  a  comparatively  low  tempera- 
ture, is  not  unlikely  to  be  connected  with  this  phenomenon. 

To  the  sugar  chemists  the  presence  of  glycoUic  acid  in  sugar- 
cane presents  at  least  two  points  of  interest  :  First  as  a  possible 
explanation  of  the  formation  of  the  color  of  low-grade  sugars  and 
molasses  which  every  worker  with  the  polariscope  finds  so 
troublesome  to  remove  ;  and  second,  as  a  probable  explanation 
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of  the  impossibility  of  accurately  estimating  the  total  solids  in 
cane  juice  by  evaporating  to  dryness.  When  cane  juice  is 
evaporated  to  dryness,  even  in  a  vacuum,  some  of  the  bodies 
contained  suffer  decomposition  into  gaseous  products,  giving 
a  residue  less  than  the  actual  weight  of  solids  originally  held  in 
solution ;  the  decomposition  of  glycoUic  acid  is  no  doubt 
responsible  for  a  portion  of  this  loss. 

The  presence  of  gly  collie  or  hydroxy  acetic  acid,  CH,OHCOOH, 
in  sugar-cane  is  full  of  suggestions  to  the  physiologist.  The 
principal  amid  of  sugar-cane,  glycocoll,  CH,NH,COOH,  is  very 
closely  related  to  this  acid  ;  in  what  relation  do  they  stand  in 
the  plant  ?  Is  one  formed  from  the  other  or  have  they  each 
their  separate  r61e  in  the  plant  economy?  Glycollic  acid  is 
readily  obtained  by  oxidation  of  dextrose  or  levulose  and  so 
from  cane-sugar  ;  does  it  stand  in  any  relation  to  the  building- 
up  of  the  cane-sugar  in  the  plant  ?  Glycocoll  and  glycollic  acid 
are  comparatively  simple  methyl  compounds  ;  how  close  do  they 
stand  to  the  supposedly  simple  first  product  of  carbon  assimila- 
tion ?  These  and  numerous  other  questions  present  themselves, 
— questions,  the  answers  to  which  extend  over  the  whole  realm 
of  plant  physiology. 

I,ABORATORY  OP  KOHALA  SUGAR  CO., 

KoHALA,  Hawaii,  Sept.  8,  1898. 


A    NEW    APPARATUS    FOR    THE    DETERMINATION    OF 

VOLUHEJ 

By  Cras.  F.  McKbnita. 

Received  November  15,  1898.  ' 

THIS  instrument  has  been  devised  in  order  to  obviate  certain 
objectionable  features  of  those  others,  whose  type  is  the 
Schumann  or  Candlot  Volumenometer.     Such  objections  are  : 

a.  The  reading  is  not  delicate,  since  the  caliber  of  the  tube  is 
large.  Such  instruments  are  limited  in  accuracy  by  our  ability 
to  read  to  o.oi  cc.     This  is  obviously  impossible  in  such  tubes. 

b.  The  solid  must  be  introduced  through  the  liquid  on  the 
lines  where  the  reading  is  subsequently  made.  The  slight  coat- 
ing here  formed  on  the  walls  of  the  tube  tends  to  increase  the 
difficulty  of  making  this  observation  correctly. 

c.  The   ground  joint  by  which  the  tube  fits  into  the  flask 

1  Read  at  the  meetiug  of  the  New  York  Section,  November  11,  1898. 
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usually  leaks  when  a  liquid  like  benzine  is  used.  Any  appara- 
tus with  a  stop-cock  in  contact  with  the  liquid  is  open  to  the 
same  objection.  An  English  form,  recommended  by  Stanger 
and  Blount,  in  which  the  tube  is  blown  with  the  flask,  is  a  good 
one. 

In  the  apparatus  I  propose,  the  solid  is  introduced  by  one 
tube  and  the  change  of  volume  is  measured  on  another  one  so 
slender  that  tenths  of  a  cubic  centimeter  can  be  easily  read  and 
the  hundredths  quite  accurately  estimated. 

The  flask  ^,  of  about  175  cc.  capacity,  has  two  vertical  tubu- 
lures  blown  into  it ;  one,  a,  of  the  in- 
ner diameter  of  a  pipette  stem  (five 
mm.)  graduated  in  cubic  centimeters 
and  tenths,  topped  by  a  perforated 
glass  stopper,  and  the  other,  d,  with 
its  middle  portion  similarly  graduated 
for  one  or  two  cc.  above  and  below  a 
o  mark,  and  this  expanding  into  a 
receiving- tube  about  twenty- five 
mm.  in  diameter,  closed  by  a  ground- 
glass  stopper/,  with  a  glass  tube  pro- 
long. This  prolong  is  connected  to  a 
glass  stop-cock  and  further  on  to  a 
rubber  bulb.  The  stop-cock,  it  will 
be  noticed,  is  quite  outside  of  the 
liquid-holding  part  of  the  apparatus. 

In  making  a  specific  gravity  deter- 
mination of  a  mineral  or  other  mate- 
rial in  powder,  begin  b}'  filling  the 
flask  through  the  receiving-tube  with  liquid  up  to  a  line  about 
«.  Then  place  the  stopper  in  above  this,  blow  gently  with  the 
bulb  and  close  the  stop-cock  c  when  the  liquid  stands  in  the 
tube  d  at  the  o  mark.  From  this  to  the  top  of  the  column  in  a 
is  the  initial  volume  and  the  reading  on  a  is  to  be  noted. 

Then  remove/;  the  liquid  flows  back  to  «,  and  presents  a 
wide  surface  down  through  which  a  definite  weight  of  the  finely 
divided  and  dried  powder  can  be  sifted  by  using  such  an  article 
as  a  porcelain  Gooch  crucible  or  a  similar  object  spun  from  brass 
and  fitting  into  the  opening.     Now  replace/ and  blow  the  liquid 
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back.  If  any  powder  remains,  the  columns  can  be  made  to 
surge  back  and  forth  and  carry  every  particle  down.  The  col- 
umn d  is  then  forced  down  to  o,  the  stop-cock  c  turned  to  hold 
it  there,  and  the  reading  taken  at  the  top  of  the  column  in  a. 

To  insulate  the  flask  it  is  well  to  enclose  it  in  a  box  and  sur- 
round it  with  asbestos,  sawdust,  sand,  or  some  such  material 
that  will  guard  against  expansion  or  contraction  of  the  volume 
of  the  liquid  by  the  influence  of  surrounding  things.  Should  the 
air  or  vapor  in  the  space  from  the  o  mark  to  the  stop-cock  be 
subject  to  such  influences  any  error  from  it  is  nullified  by  ma- 
king a  differential  reading  on  the  two  columns.  Thus,  if  the 
column  is  blown  down  to  o  and  the  reading  in  a  is  taken  to  be 
say  5.42,  and  a  half  minute  afterwards  it  is  noticed  on  stem  d  to 
be  at  —0.07,  let  a  be  immediately  read  again  and  it  will  be 
found  to  be 

5.49 
0.07 

True  volume  as  before,       5.42 

Taking  three  sets  of  such  readings  on  the  initial  volume  and 
three  on  the  final  volume  after  the  addition  of  the  solid,  conduces 
very  much  to  accuracy  and  to  a  check  upon  one's  estimations  of 
the  hundredths.     Thus  an  actual  case  was : 

Initial  volume.  Final  Tolune. 

6.38— 0.0a  =  6.36  9.57—0.00  =  9.57 

6.38—0.01  =  6.37  9.67 — 0. 10  =  9.57 

6.37—0.00  as  6.37  9-59-<»-03  =  9-56 

6.38—0.01  =  6.37  9.62 — 0.06  s=  9.56 

9.67—0.10  =  9.57 

An  instrument,  designed  thus  with  longer  stem  to  hold  the 
increase  of  volume  caused  by  fifty  grams  of  material,  would  be 
more  accurate  than  one  designed  for  ten  grams ;  but  ten  grams 
is  a  convenient  weight,  and  when  it  is  used  a  table  of  reciprocals 
hanging  in  front  of  the  apparatus  would  enable  one  to  read  off 
the  specific  gravity  at  once  upon  noting  the  difference  of  volume, 
multiplying  the  reciprocal  by  ten. 

In  this  way  many  delicate  determinations  of  specific  gravity 
can  be  made  in  immediate  succession  with  considerable  economy 
oi  time  and  labor* 


[Contribution  prom  thb  Laboratory  op  Agricultural  Chbmistry, 

Ohio  Statb  Univbrsity.] 

LIGHT  A  FACTOR  IN  SUGAR  PRODUCTION.' 

By  H.  a.  W^bbr. 
Received  September  lo.  iflgt. 

THE  fact  that  the  United  States  is  one  of  the  greatest  sugar- 
consuming  nations  of  the  world,  and  that  about  nine- 
tenths  of  the  sugar  consumed  is  imported  at  an  annual  cost  of 
about  $100,000,000,  have  given  rise,  from  time  to  time,  to 
attempts  in  the  direction  of  a  greater  home  production  of  sugar 
than  is  possible  from  the  long-established  sugar-cane  industry 
of  the  Gulf  States. 

Owing  to  the  geographical  location  of  this  country,  only  such 
sugar-producing  plants  could  form  the  basis  of  these  attempts, 
as  were  adapted  to  cultivation  in  the  temperate  zone.  Of 
these  plants  only  two  need  be  mentioned  here  ;  namely,  sorghum 
and  the  sugar-beet. 

As  is  well  known  the  early  efforts  at  sugar  production  from 
beets  in  this  country  were  absolute  failures.  Various  causes 
contributed  to  this  result,  prominent  among  which  was  the 
antipathy  of  the  American  farmer  to  accomodate  himself  to  the 
cultivation  of  beets,  which  is  much  more  irksome  than  the 
cultivation  of  ordinary  agricultural  crops,  to  which  he  had  been 
accustomed,  and  which  at  that  time  brought  him  satisfactory 
returns  for  his  labor.  The  country  was  not  ripe  for  the  establish- 
ment of  the  new  industry. 

In  the  late  seventies  and  early  eighties  the  experiments  in 
making  sugar  from  sorghum  were  at  their  height.  This  crop 
can  be  grown  like  corn,  and  its  cultivation  is  much  more  in 
keeping  with  the  tastes  and  practices  of  the  American  farmer, 
than  that  of  the  sugar-beet.  Wherever  sorghum  sugar  factories 
were  established  there  was  no  difficulty  whatever  in  securing  an 
abundant  supply  of  the  cane  delivered  in  proper  shape  at  the 
mills.  For  a  time  the  prospects  of  the  sorghum  sugar  industry 
were  bright.  The  sugar  produced  found  a  ready  sale  at 
remunerative  prices,  but,  unfortunately  for  those  who  had 
embarked  in  the  new  enterprise,  and  fortunately  for  those  who 

^  Read  at  the  Boston  Meeting  of  the  American  Asaociation  for  the  Advancement  of 
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were  about  to  invest  on  a  larger  scale,  the  sorghum  sugar 
industry,  before  it  was  fairly  upon  its  feet,  was  confronted  by  a 
falling  market,  due  to  the  overproduction  of  sugar  in  Europe 
and  especially  in  Germany.  This  unexpected  interference  with 
the  sugar  market  of  the  world,  gradually  brought  the  price  of 
sugar  and  molasses  down  to  a  point  where  the  manufacture  of 
sugar  from  sorghum  was  no  longer  profitable,  and  the  new 
industry  which  had  excited  general  attention  for  three  or  four 
years  had  to  succumb  with  all  its  investments,  a  total  loss.  It 
may  be  said  in  passing,  that  the  sorghum  sugar  industry  is 
dead  for  all  time  to  come.  The  good  old  times  for  the  manu- 
facture of  sugar,  when  yellow  C  sugar  sold  for  eight  cents  per 
pound  cash  in  car-load  lots,  are  gone  nevermore  to  return. 

These  fruitless  attempts  at  the  establishment  of  a  sugar 
industry  in  this  country  have  been  thus  briefly  referred  to,  for 
the  reason  that  they  are  still  of  importance  to  us  for  the  lessons 
which  they  have  taught. 

The  Department  of  Agriculture  at  Washington,  under  the 
able  direction  of  Dr.  Wiley,  has  for  many  years  made  valuable 
investigations  in  connection  with  the  sugar  industry  ;  but  with 
the  advent  of  the  present  Secretary  of  Agriculture,  a  general 
interest  in  the  subject  of  a  home  production  of  sugar  has  been 
renewed.  The  efforts  of  Secretary  Wilson  found  the  farmers 
throughout  our  country  in  a  responsive  mood,  owing  to  the 
universal  depression  in  agricmlture  for  a  number  of  years  prece- 
ding his  administration,  and  consequently  during  the  past  year 
in  almost  every  county  of  many  of  the  states,  experimental 
plots  of  sugar-beets  were  grown. 

Whether  the  establishment  of  this  new  agricultural  industry 
in  our  country  is  advisable  from  an  economic  point  of  view  or 
not,  is  a  question  foreign  to  this  paper.  This  phase  of  the  sub- 
ject was  ably  discussed  by  Mr.  Edward  Atkinson  in  the  Forum 
of  November,  i8^y,  in  an  article  which  deserves  the  earnest 
consideration  of  all  who  are  interestea  in  the  public  welfare. 

If,  however,  the  efforts  put  forward  should  result  in  the 
establishment  of  a  beet-sugar  industry  in  this  country  capable  of 
producing  our  home  demand  for  sugar,  it  should  be  borne  in 
mind  that  this  object  must  be  accomplished  in  the  face  of  an  over- 
production of  sugar  in  the  world,  a  condition   which  twenty 
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years  ago  would  not  have  been  considered  possible.  This  over- 
production of  sugar  has  come  to  stay.  The  margin  of  profit 
will  necessarily  be  low.  Of  our  vast  domain  the  insignificant 
area  of  2,000,000  acres  of  land  subjected  to  beet  culture  will 
suffice  for  the  production  of  our  home  demand  for  sugar. 
Taking  all  these  facts  into  consideration  it  is  evident  that  the 
successful  sugar  factories  will  necessarily  exist  only  in  the  most 
favorable  localities,  and  in  the  course  of  a  very  short  time 
factories  blindly  started  in  unfavorable  localities  will  be  crushed. 

There  are  various  conditions,  which  must  be  supplied  for  the 
production  of  a  sugar-producing  plant  rich  enough  in  sugar  to 
meet  the  competition  at  present  existing  in  the  manufacture  of 
this  article  of  food,  as  well  as  certain  facilities  for  operating  a 
factory  after  the  plants  are  grown.  Prominent  among  the 
former  conditions  is  the  matter  of  light.  The  leaves  are  the 
laboratory  in  which  the  sugar  is  directly  or  indirectly  synthe- 
sized and  light  is  the  agent. 

All  sugar-producing  plants  are  equipped  by  nature  with  an 
abundant  leaf  surface,  and  when  these  plants  are  rescued  from 
their  unfavorable  isurroundings  in  wild  vegetation  and  subjected 
to  cultivation,  their  leafy  organs  are  capable  of  elaborating  and 
storing  much  more  sugar  than  is  necessary  for  the  perpetuation 
of  the  species.  This  excess  of  production  is  utilized  by  man  for 
the  manufacture  of  sugar. 

It  would  seem  evident  therefore  that,  other  things  being  equal, 
the  more  light  one  of  these  plants  could  get  during  its  period  of 
vegetation,  the  higher  its  content  of  sugar  would  be.  The  truth 
of  this  proposition  has  been  confirmed  by  numerous  observations 
made  upon  sugar-producing  plants. 

Sugar-producing  plants  may  be  divided  into  two  categories  : 
(i)  Those  having  a  long  period  of  vegetation,  as  the  different 
varieties  of  southern  cane,  and  (2)  those  having  a  short  period 
of  vegetation  as  sorghum  and  the  sugar-beet.  The  former 
group  of  plants  when  cultivated  in  tropical  regions  grow 
luxuriantly  for  a  period  of  eighteen  months  and  at  the  end  of 
this  time  the  content  of  sugar  in  the  juice  reaches  eighteen  to 
twenty  per  cent.  The  crop  of  sugar-cane  is,  however,  usually 
taken  off  after  a  period  of  twelve  months,  when  the  content  of 
sugar  in  the  juice  is  only  fourteen  to  fifteen  per  cent. 


56  H.    A.   WKBBR. 

The  increase  in  amount  of  sngar  in  the  longer  period  of 
vegetation  is  due  to  the  greater  amount  of  sunlight,  to  which 
the  growing  plants  have  been  exposed.  Owing  to  this  long 
period  of  vegetation,  southern  cane  is  not  so  much  a£Fected  by 
climatic  conditions  and  suitable  locations  as  is  the  case  with 
plants  of  a  short  period  of  vegetation. 

The  latter  group  of  sugar-producing  plants,  in  which  the 
present  territory  of  this  country  is  directly  interested,  are 
affected  in  many  ways  by  the  amount  of  light  available  during 
the  period  of  vegetation,  which  on  account  of  the  present 
competition  in  the  manufacture  of  sugar  may  mark  prospective 
enterprises  with  success  or  failure  as  the  case  may  be. 

I.  Climatic  conditions  must  betaken  into  consideration  in  the 
location  of  sugar  factories.  Localities  in  which  the  seasons  vary 
greatly  in  the  amount  .of  clear  weather  are  not  so  well  adapted  to 
the  growing  of  rich  sugar  plants  as  those  in  which  clear  weather 
during  the  growing  season  predominates  every  year.  As  an  exam- 
ple illustrating  this  fact  may  be  mentioned  the  experience  of  the 
writer  in  the  investigation  of  sorghum  as  a  sugar-producing  plant. 

The  years  1880,  1881,  and  1882  in  the  locality  of  Champaign, 
Illinois,  were  typical  sugar  seasons.  During  the  summer 
months  clear  weather  prevailed.  The  cane-sugar  in  the  juice  of 
the  best  varieties  of  sorghum  reached  thirteen  to  fourteen  per 
cent.  The  coeflficient  of  purity  of  the  juice  was  high,  and  with 
proper  precautions  in  treating  the  juice,  sugar  could  readily  be 
made  even  with  crude  apparatus.  The  years  following  were 
less  favorable  in  this  respect.  In  1883,  for  example,  cloudy 
weather  with  rain  prevailed  almost  daily  during  the  summer 
months.  As  a  consequence  the  content  of  cane-sugar  in  the 
juice  of  the  better  varieties  of  sorghum  only  reached  eight  to  ten 
per  cent.  The  purity  of  the  juice  was  correspondingly  low,  and 
the  manufacture  of  sugar  extremely  difl&cult. 

Four  sorghum  sugar  factories  were  erected  in  consequence  of 
the  favorable  results  obtained  in  the  preliminary  experiments  of 
1880  and  1881  at  Champaign,  Illinois,  conducted  by  Professor 
M.  A.  Scovell  and  the  writer.  It  is  safe  to  say,  that  if  the 
weather  of  these  two  seasons  had  been  similar  to  that  of  1883, 
the  factories  would  not  have  been  started  and  the  capital  and 
labor  invested  in  them  lost. 
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The  ideal  localities  in  this  respect  are  the  arid  plains  of  the 
western  states,  where  the  necessary  soil  moisture  can  be  supplied 
by  irrigation.  Here,  for  a  given  degree  of  latitude,  the 
maximum  amount  of  light  is  available  for  the  growing  crop, 
and  poor  sugar  seasons  cannot  occur. 

2.  The  higher  latitudes  are  more  favorable,  other  things  being 
equal,  than  the  lower  ones,  owing  to  the  greater  length  of  the 
da3rs  and  the  longer  duration  of  twilight. 

The  sorghum  sugar  industry  again  can  furnish  data  illustra- 
ting this  point.  Among  the  numerous  visitors  from  all  parts  of 
this  country  and  from  many  foreign  countries  to  the  factory  at 
Champaign,  Illinois,  was  a  party  from  Tennessee,  who  claimed 
that  the  ** Sunny  South''  was  the  place  for  raising  sorghum. 
Capital  was  raised,  a  factory  erected  at  Franklin,  Tennessee, 
and  about  700  acres  of  sorghum  were  grown.  The  yield  of  the 
crop  was  heavy  ;  but  the  sugar  content  of  the  juice  was  very 
disappointing,  it  being  about  four  per  cent,  lower  than  that  of 
sorghum  grown  in  central  Illinois,  although  the  season  was  an 
ordinary  one  for  that  section  of  the  country. 

The  plant  from  which  the  sugar-beet  has  been  derived  is 
indigenous  along  the  shores  of  the  Mediterranean  Sea,  but  it  has 
been  developed  into  one  of  the  most  important  sugar-producing 
plants  in  the  latitudes  of  northern  Germany  and  Prance. 

The  writer  does  not  wish  to  be  understood  as  claiming  that  a 
higher  latitude  is  under  all  circumstances  better  than  a  lower 
latitude.  The  climatic  conditions  already  mentioned,  and  other 
conditions  to  be  considered  further  on,  may  more  than  compen- 
sate for  the  increase  of  light  obtainable  through  a  more  northerly 
location. 

3.  Proximity  to  large  bodies  of  water  is  favorable  to  sugar 
production.  This  is  due  to  the  fact  that  near  the  shore  of  such 
bodies  of  water  and  extending  for  a  considerable  distance  inland, 
the  location  has  the  advantage  of  a  more  intense  light,  caused 
by  the  direct  rays  of  the  sun  in  addition  to  the  light  reflected 
from  the  surface  of  the  water.  The  writer  had  an  opportunity 
of  investigating  this  point  during  the  past  season. 

Sugar-beet  seed  of  the  Klein- Wanzleben  variety  was  univer- 
sally distributed  over  the  state  of  Ohio  by  the  Department  of 
Agriculture  at  Washington,  and  also  very  generally  planted  for 
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experimental  purposes.  Samples  of  beets  were  obtained  repre- 
senting a  section  of  the  state  from  Lake  Erie  to  the  Ohio  River. 
A  sample  consisted  of  four  average  beets  of  each  field  or  plot 
from  the  largest  size  down  to  about  one-half  pound  in  weight. 
Each  beet  was  wrapped  in  paper  and  the  sample  sent  by  express 
to  our  laboratory,  to  insure  as  slight  a  change  as  possible,  and 
immediately  analyzed.  In  addition,  and  in  order  that  the 
results  obtained  might  be  strictly  comparable,  the  percentage  of 
juice  was  determined  in  each  case. 

Without  going  into  details,  the  results  of  the  investigation 
clearly  indicate  that  the  region  of  the  state  of  Ohio  bordering 
upon  the  lake  has  advantages  in  the  raising  of  sugar-beets  of 
high  grade,  which  are  not  possessed  by  other  portions  of  the 
state.  The  best  samples  of  beets  in  the  whole  list  were  grown 
at  Oak  Harbor  near  Lake  Erie.  The  smallest  beet  weighed 
twenty  ounces  and  the  largest  twenty-nine  ounces.  The  per- 
centage of  sugar  in  the  juice  was  16.3  and  in  the  beets  15.68. 
The  coefficient  of  purity  was  81.71. 

A  sample  grown  at  Locust  Point  on  the  lake  exemplifies,  in  a 
high  degree,  the  possibilities  of  the  lake  region  in  producing 
beets  with  a  high  content  of  sugar.  The  smallest  beet  of  the 
sample  weighed  twenty-eight  ounces  and  the  largest  71.25 
ounces  or  nearly  four  and  five-tenths  pounds.  The  percentage  of 
sugar  in  the  juice  was  14.2  and  in  the  beets  13.8  with  a  coeffi- 
cient of  purity  of  81.42. 

The  same  may  be  said  of  another  sample  grown  at  Locust 
Point.  The  smallest  beet  of  this  sample  weighed  60.25  ounces 
and  the  largest  70.25  ounces.  Even  these  enormous  beets  with 
an  average  weight  of  four  pounds  were  found  to  be  above  the 
standard  for  content  of  sugar  and  purity  of  the  juice,  as  generally 
accepted  for  the  manufacture  of  sugar. 

The  remarkable  richness  of  these  overgrown  beets  becomes 
more  apparent,  when  contrasted  with  a  sample  grown  in  Licking^ 
County  in  the  central  portion  of  the  state.  This  beet  weighed 
40.75  ounces;  the  content  of  sugar  was  8.47  per  cent.,  and  the 
purity  64.68  per  cent. 

Although  some  samples  were  obtained  from  other  sections  of 
the  state,  which  were  of  good  quality  for  the  manufacture  of 
sugar,  yet  other  samples  of  the  same  sections  fell  below  the 
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Standard.  The  lake  region  alone  produced  beets,  which  were 
uniformly  of  a  high  grade,  when  all  the  requirements  of  a  good 
beet  were  taken  into  account. 

4.  Topographical  features  of  land  are  of  importance  in  deter- 
mining a  suitable  location  for  a  sugar  factory.  It  is  well  known 
that  beets  grown  in  the  shade  are  worthless  for  the  manufacture 
of  sugar.  In  view  of  this  fact  it  would  seem  almost  superfluous 
to  say  that  a  partial  obstruction  of  the  direct  rays  of  the  sun 
daily  would  cause  the  production  of  a  crop  of  beets  of  lower 
sugar  content  than  would  be  the  case  if  such  obstruction  did 
not  occur.  Consequently  level  tracts  of  land,  where  on  clear 
days  the  plants  are  exposed  to  the  direct  rays  of  the  sun  from 
morning  to  night,  must  be  better  adapted  to  beet  culture  than 
deep  valleys,  especially  if  they  are  narrow  and  skirted  by  hills 
or  mountains,  and  if  in  addition  their  general  course  is  from 
north  to  south. 

The  writer  is  convinced  that  the  variation  in  the  composition 
of  beets  grown  in  the  same  sections  of  the  country,  having  a 
diversified  topography,  is  due  in  a  great  measure  to  the  injudi- 
cious selection  of  the  fields  in  this  respect. 

There  are  other  factors  which  enter  into  the  successful 
inauguration  of  the  proposed  new  beet-sugar  industry  in  this 
country,  but,  as  a  guide  to  the  selection  of  the  most  favorable 
localities  for  its  permanent  establishment,  the  matter  of  light 
should  receive  due  consideration. 


COnriERCIAL  IRON  5ILICIDE5  WITH  A  HIGH  PERCENT- 
AGE  OF   SILICON :  THEIR   PROPERTIES,    MANU- 
FACTURE. AND  USES. 

By  G.  db  Chalmot. 
Received  Aivust  ad,  1896. 

IRON  silicides  containing  about  eleven  to  thirteen  per  cent, 
silicon  have,  for  some  years,  been  made  in  blast-furnaces, 
and  have  been  successfully  introduced  in  the  manufacture  of  iron 
and  steel.  It  has  been  found  impracticable  to  much  increase 
the  amount  of  silicon  by  the  blast-furnace  process.  This  can, 
however,  be  successfully  done  by  changing  the  process  and 
making  use  of  the  great  heat  of  the  electric  furnace.  I  have 
made,  in  the  electric  furnace,  silicon-iron  alloys  containing  from 
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twelve  to  forty-six  per  cent,  silicon.  In  alloys  up  to  46.5  per 
cent,  silicon,  and  most  probably  in  those  up  to  fifty  per  cent, 
silicon,  tbe  iron  and  the  silicon  are  chemically  combined  ;  /.  ^., 
there  is  no  free  silicon  and  no  free  iron  present.  If  more  than 
fifty  per  cent,  silicon  is  forced  into  the  iron,  the  excess  crystal- 
lizes out  in  small  black  crystals.  This  article  deals  only  with 
silicides  containing  twenty-five  to  fifty  per  cent,  of  silicon. 

COMPOSITION. 

Silicides  of  from  twenty-five  to  fifty  per  cent,  silicon  seem 
to  consist  of  a  mixture  of  two  distinct  compounds  between 
iron  and  silicon ;  compound  a,  which  contains  twenty-five  per 
cent.,  and  compound  b,  which  contains  fifty  per  cent,  silicon. 
These  compounds  are  represented  by  the  chemical  formulas 
Fe.Si,  and  FeSi,.  Both  these  compounds  were  obtained  pure 
enough  for  analysis.  When  iron  silicides  with  about  twenty- 
five  to  twenty-eight  per  cent,  of  silicon  are  allowed  to  cool 
slowly  from  the  liquid  condition,  compound  a  will  crystallize  out 
in  very  well-developed  crystals,  some  of  which  will  be  as  large 
as  one-half  inch  to  the  side.  These  crystals  have  never  been 
determined  crystallographically.  They  have,  among  others,  well- 
developed  tetrahedral  faces.  These  crystals  are  best  obtained 
from  an  alloy  containing  from  one  to  two  per  cent,  silicon  above 
twenty-five  per  cent.  It  is  probable  that  some  iron-silicon  com- 
pound containing  less  than  twenty-five  per  cent,  silicon  hinders 
the  crystallization  of  the  compcfUnd  Fe,Si,.*  Crystals  obtained 
at  various  times  and  in  different  furnaces  contained  : 


Iron  •  •  • 
Silicon 


I. 

3. 

3. 

Composition 
of  FeaSia. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

'    74.75 
•    25.17 

75.89 
24.48 

7500 
25.00 

25.30 

To  isolate  the  compound  b,  I  make  use  of  the  fact  that  acids 
attack  the  silicide  faster  the  lower  the  content  of  silicon.  I  used 
a  silicide  containing  about  thirty-nine  per  cent,  silicon,  and 
which,  according  to  my  views,  contains  fifty-six  per  cent,  of 
compound  b,  and  forty-four  per  cent,  of  the  compound  a. 

The  acid  used  was  hydrofluoric  acid.     This  acid  attacks  both 

^  A  most  beautiful  specimen  of  these  crystals  can  be  seen  at  the  New  York 
office  of  the  Willson  Aluminum  Co.  It  is  a  piece  of  silicide  of  fifteen  Inches  in  diameter, 
on  one  side  entirely  composed  of  these  crystals,  some  being  among:  the  best  developed 
that  were  ever  produced. 
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compounds  rather  easily,  and  in  order  to  obtain  any  residue  I 
had  to  work  carefully  and  with  moderation.  The  finely  pul- 
verized silicide  was  suspended  in  water  and  the  acid  added  in 
successive  small  amounts.  By  thorough  cooling,  a  too  violent 
reaction  was  prevented.  The  acid  added  was  not  sufficient  to 
dissolve  the  whole  of  the  silicide.  The  residues,  which  were 
thus  obtained,  contain  : 

Composition 
z.  2.  3.  of  PeSif. 

Per  cent.  Per  cent.  Per  cent.  Per  cent. 

Iron 50.56  53.24  ....  50.00 

Silicon 49-7^  48.26  49*35  50.00 

The  yield  of  residue  was  about  twenty  per  cent,  of  the  amount 
taken.  Compound  d,  thus  obtained,  forms  a  gray  crystalline 
powder  quite  unmagnetic. 

I  have  obtained  in  the  furnace  an  alloy  containing  :  Iron 
53.76  per  cent.,  and  silicon  46.22  per  cent.,  which  corresponds 
to  a  content  of  84.88  per  cent,  of  the  compound  d.  This  alloy 
was  gray  and  crystalline,  and  could  be  easily  pulverized. 

Hahn  has  described  an  iron  silicide  of  fifty  per  cent,  silicon, 
which  he  produced  in  minute  quantities  by  treating  a  twenty 
per  cent,  silicon  alloy  with  hydrofluoric  acid.  He  describes  this 
compound  as  insoluble  in  hydrofluoric  acid ;  hence  it  is  different 
from  that  which  is  found  in  my  silicides.  It  was  produced  in  an 
entirely  different  manner. 

Among  the  combinations  more  likely  to  be  present  in  my 
silicides.  might  be  the  compound  FeSi  with  33.3  per  cent, 
silicon.  Such  a  compound  has  been  described  by  Hahn 
and  by  Fremy.  It  is  not  easy  to  show  with  certainty  that 
such  a  compound  is  not  present  in  these  silicides,  where  we 
have  to  deal  with  a  mixture  of  compounds  having  similar 
.properties.  It  seems  probable  that  this  compound  does  not 
exist  in  my  silicides.  An  alloy  containing  31.4  per  cent, 
silicon  was  taken.  If  the  compound  of  33.3  per  cent, 
silicon  existed,  it  would  be  present  especially  in  this  alloy 
in  large  quantities.  We  might  expect  this  compound  to  con- 
tain 22.9  per  cent,  of  compound  a,  of  twenty-five  per 
cent,  silicon,  and  77.1  per  cent,  of  the  compound  with  33.3 
percent,  silicon.  On  the  other  hand,  if  the  compound  of  33.3 
per  cent,  silicon  is  not  present  the  alloy  would  contain  74.4  per 
cent,  of  compound  a  of  25  per  cent,  silicon,  and  25.6  per  cent. 
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of  compound  b  of  fifty  per  cent,  silicon.  In  the  first  case  there 
is  a  great  excess  of  the  33.3  per  cent,  compound,  and  we  might 
expect  that  compound  a  could  not  form  well* developed  cr>'Stals. 
In  the  second  case  compound  a  being  far  in  excess  it  would 
probably  yield  better-developed  and  larger  crystals.  I  have 
pulverized  the  alloy  of  31.4  per  cent,  silicon,  to  forty  mesh  sieve, 
and  attacked  it  with  such  an  amount  of  hydrofluoric  acid  as 
is  not  sufficient  to  dissolve  the  whole  mass. 

If  now  the  first  case  be  true,  the  compound  a  will  be  probably 
more  soluble  in  acids  than  the  other  compound,  which  contains 
more  silicon.  This  is  a  general  rule  among  silicides.  Com- 
pound a  is  only  present  in  small  amounts  and  is  probably  not 
present  in  large,  well- developed  crystals.  The  result  will  be  that 
compound  a  will  be  quite  or  nearly  dissolved,  and  some  of  the 
compound  of  33.3  per  cent,  silicon  will  remain  in  a  more  or  less 
pure  condition.  The  residue  will  then  contain  more  silicon  than 
the  original  alloy. 

In  the  second  case  there  is  a  chance  for  a  larger  percentage 
of  compound  b  than  of  compound  a  to  be  dissolved ;  for 
although  the  latter  be  more  soluble  in  acids,  it  is  present  in  large 
excess  and  probably  in  much  larger  and  better-developed  crys- 
tals than  the  compound  b.  If  a  larger  proportion  of  compound 
b  than  of  compound  a  should  be  dissolved,  the  residue  will  con- 
tain less  silicon  than  the  original  alloy. 

Acting  on  the  coarsely  powdered  alloy  of  31.4  per  cent.,  sili- 
con was  found  to  produce  a  residue  which  contained  less  silicon 
than  the  original. 

Original  alloy.  Residue. 

Per  cent.  Per  cent. 

Silicon , 31.4  30.2 

This  result  renders  the  presence  of  a  compound  FeSi  doubtful. 

PROPERTIES. 

Iron  silicides  are  invariably  cr3'stalline,  and  are  white  or  gray 
in  color.  Silicide  with  from  twenty-five  to  thirty  per  cent.  .«^ili- 
con  takes  a  fine  polish,  when  it  more  or  less  resembles  silver, 
although  somewhat  darker.  The  higher-grade  silicides  are  the 
darker  in  color.  The  melting-point  rises  with  the  percentage  of 
silicon.  Silicide  of  twenty-six  per  cent,  silicon  can  be  melted  in 
the  crucible  of  a  brass  furnace,  but  takes  a  higher  temperature 


COMMHRCIAI,  IRON   SILICIDES.  63 

than  brass.  Silicide  of  thirty -two  per  cent,  silicon  cannot  be 
melted  that  way.  This  latter  can  be  melted  in  a  crucible  by  using 
a  good  blast.  The  silicides  containing  more  silicon  could  be 
successfully  melted  only  in  an  electric  furnace.  These  silicides 
shouldnot  be  molten  in  a  blastcupola.  The  silicon  burns  aseasy  or 
easier  than  the  coke^  and  the  molten  metal  will  contain  consid- 
erably less  silicon  than  the  original.  A  lot  sent  to  a  foundry  and 
treated  in  a  cupola  lost  five  per  cent,  silicon  out  of  twenty-seven 
per  cent.  If  such  partly  oxidized  metal  is  cast,  it  will  often  form 
a  coating  of  a  gelatinous  silica  in  the  mold.  The  latter  is 
weakly  transparent  and  elastic  to  quite  a  degree.  I  saw  similar 
silica  exhibited  in  the  Carborundum  Works  at  Niagara  Falls. 

Lower-grade  silicides  cast  very  well  with  sharp  outlines 
and  corners.  When  the  amount  of  silicon  is  increased,  the 
castings  show  a  tendency  to  crack  when  cooling.  The  sili- 
cides of  thirty-four  to  forty  per  cent,  silicon  usually  form  blow- 
holes besides  cracking,  when  the  castings  cool.  When  the 
higher-grade  silicides  are  cooled  very  slowly  the  tendency  to 
crack  is  lessened.  All  these  silicides  are  but  slightly  magnetic, 
and  those  with  over  thirty  per  cent,  silicon  are  quite  non-magnetic, 
which  well  shows  that  there  is  no  free  iron  in  the  alloy.  Their 
specific  gravity  falls  with  the  percentage  of  silicon. 

Alloy  of  Alloy  of  Alloy  of 

12  per  cent,  silicon.    25  per  cent,  silicon.    46  per  cent,  silicon. 

Specific  gravity  at  20°  C.    6.8  6.36  4.85 

These  alloys  conduct  electricity  easily,  and  are  very  hard. 
They  are  brittle,  the  more  so  when  the  percentage  of  silicon  in- 
creases. They  are  unalterable  in  air  or  in  water.  Acids  attack 
them  very  little,  especially  if  they  are  not  pulverized.  Hydro- 
fluoric acid  forms  an  exception,  for  it  easily  dissolves  all  these 
alloys.  Acid  oxidizing  agents  attack  these  silicides  less,  the 
more  silicon  there  is  present.  In  order  to  obtain  some  idea  of 
the  rate  at  which  the  solubility  in  these  agents  varies  with  the 
percentage  of  silicon,  three  samples,  a,  b,  and  c,  were  ground  so 
that  they  easiiy  pass  through  a  loo-mesh  sieve.  Two  grams  of 
each  were  treated  with  the  reagent  at  summer  temperature,  side 
by  side  for  two  days,  stirring  frequently. 
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50  cc.  aqua  regis  xoo  cc.  saturated  chlo- 

iHNOs  to  3HCI.  rine  water. 

Per  cent,  dissolved.  Per  cent,  dissolved. 

a  with  13  per  cent,  silicon         66.84  5.88 

b    **     25    "      **  "  9.86 

c    **     46    **      "         '*  0.76  0.83 

Toward  alkalies  the  low  grades  are  more  resistant  than  the 

high  grades.     Fifty  cc.  of  a  twenty  per  cent,  solution  of  caustic 

soda  dissolved  in  two  days  from  two  grams  of  the  ground  sili- 

cide: 

a  with  13  per  cent,  silicon,  3.96  per  cent,  dissolved. 
c    **    46    **      '•  "        9.68    "      **  ** 

Silicides  made  at  Holcomb  Rock  contained  : 

I.  II. 

Per  cent.  Per  cent. 

Silicon 26.35  3'^'S^ 

Manganese trace  0.31 

Sulphur trace  trace 

Phosphorus trace  trace 

Titanium 0.94 

Carbon none  none 

This  alloy  is  thus  shown  to  be  of  great  purity. 

Pieces  of  iron  silicide  are  often  found  in  calcium  carbide,  es- 
pecially in  carbide  made  from  inferior  materials.  I  found  in  such 
pieces  from  twelve  to  forty-five  per  cent,  silicon.  Any  attempt  to 
write  chemical  formulas  for  the  material  of  such  pieces  must  fail. 
They  are  mixtures  of  the  same  nature  as  those  obtained  in  quan- 
tity. 

MANUFACTURE. 

The  raw  materials,  which  are  commonly  used  in  the  works  of 
the  Willson  Aluminum  Co.,  are  a  good  iron  ore,  river  sand,  and 
any  kind  of  coke.  The  river  sand  contains  some  manganese 
and  titanium.  The  quality  of  the  iron  ore  can  be'  materially 
reduced  so  long  as  the  chief  impurity  is  silica.  In  fact,  for 
many  reasons  such  an  ore  is  preferable.  After  trying  many 
fluxes,  they  were  entirely  abandoned,  for  they  always  reduce  the 
output. 

The  materials  are  finely  ground  with  the  exception  of  the  sil- 
ica which  should  be  of  the  size  of  coarse  sand,  on  account  of 
its  volatilizing  easily  ;  and  being  very  light,  it  is  readily  carried 
away  by  the  draft  of  the  furnace.  At  the  temperature  that 
exists  in  the  electric  furnace,  the  carbon  monoxide  does  not  act 
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as  a  reducing  agent,  and  it  is  the  solid  coke  particles  that  do  the 
reducing.  For  this  reason  the  mixing  must  be  thorough  and 
the  ingredients  must  be  finely  ground. 

We  use  at  Holcomb  Rock  Works  a  continuous  furnace  of  my 
own  design.  It  is  fed  at  the  top  and  tapped  at  the  bottom. 
These  furnaces  are  run  one  week  or  in  fact  any  length  of  time, 
and  they  can  be  cleaned  and  made  ready  for  use  again  in  a  few 
hours.  We  make,  so  far,  iron  silicide  in  furnaces  of  only  about 
150  electrical  horse-power,  but  by  enlarging  the  furnace,  we  can 
easily  use  1000  horse-power  or  more  in  one  furnace,  which  wilL 
materially  reduce  the  cost.  Our  furnaces  give  little  dust  and 
that  only  ^hen  they  are  opened.  This  is  a  great  advantage,  for 
the  fine  silica  dust  is  very  objectionable.  I  have  seen  this  dust 
settle  two  inches  deep  all  over  the  room  from  an  open  furnace. 

During  the  operation  the  alloy  runs  to  the  bottom  of  the  fur- 
nace, where  it  collects  in  a  pool  and  is  tapped  at  regular  inter- 
vals. There  is  only  little  slag,  if  the  materials  are  mixed  in 
proper  proportions.  The  metal  which  runs  out  is  very  free  of 
enclosed  slag.  It  comes  out  white  and  the  tapping  can  be  seen 
for  quite  a  distance  if  windows  or  doors  of  the  factor}^  are  left 
open.  An  excess  of  silica  must  always  be  taken,  to  make  up 
for  that  which  volatilizes.  This  excess  must  be  materially  in- 
creased when  the  higher-grade  alloys  are  to  be  prepared.  Since 
this  volatilization  of  silica  requires  power,  it  follows  that  it  takes 
more  power  in  proportion  to  make  a  high-grade  than  to  diake  a 
low-grade  silicide.  We  use  about  twice  as  much  power  to  make 
an  alloy  of  thirty-five  per  cent,  as  to  make  one  of  twenty-five  to 
twenty- seven  per  cent.  The  silicon  in  the  former  alloy  is  cor- 
respondingly more  expensive. 

USES. 

On  account  of  their  great  purity  and  small  bulk  these  silicides 
are  superior  to  those  made  in  the  blast-furnace,  but  they  can 
only  be  used  instead,  where  the  character  of  the  work  admits  of 
paying  a  larger  price  for  the  unit  of  silicon. 

These  alloys  are  very  resistant  against  acid  oxidizing  agents 
and  conduct  electricity  well.  They  are  a  cheap  material  for 
anodes  for  electrolysis  in  aqueous  baths.  The  lower  grades 
make  nice  correct  castings.     We  exhibited,  in  Atlanta,  in  1895, 
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some  articles  cast  from  a  twenty-five  per  cent,  alloy.  These 
low-grade  alloys  can  be  used  for  making  luxury  articles,  statu- 
ettes, etc.  The  metal  when  polished  has  a  beautiful,  and  lasting 
luster.  The  higher  grades  and  also  the  lower  grades  may  per- 
haps be  used  instead  of  aluminum  in  the  heating  process  of 
Goldschmidt.  This  process  consists  of  mixing  aluminum  foil 
with  some  substance  capable  of  yielding  oxygen,  and  igniting  the 
mixture  at  one  point.  The  reaction  between  the  aluminum  and 
the  oxygen,  if  started  at  one  point,  gradually  proceeds  through 
the  whole  mass  and  a  heat  is  produced,  which,  in  intensity,  is 
second  only  to  that  of  the  electric  arc.  The  silicon  of  the  iron 
silicide  may  replace  the  aluminum,  and  can  be  made  for  a 
lower  figure.  These  silicides  are  valuable  abrasives,  being  very 
hard,  and  still  easily  crushed. 

WiLLSoN  Aluminum  Co., 
HoLcoMB  Rock,  Va. 
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PERHALIDES  OF  QUINOLINE.* 

By  p.  F.  Trowbridge. 
Received  December  13, 1898. 

THE  most  of  the  work  reported  in  this  paper  was  completed 
in  the  spring  of  1897.  Publication  was  delayed  because 
the  author  hoped  soon  to  be  able  to  complete  the  study  of  the 
halogen  salts  of  quinoline,  and  the  action  of  the  halogens  upon 
these  salts  and  upon  the  base  itself.  Other  duties  have  prevented 
this  until  it  is  deemed  advisable  to  present  the  work  in  so  far  as 
ready,  hoping  to  continue  the  research  during  the  following  year. 

The  halogen  salts  of  quinoline  have  been  known  for  a  long 
time,  yet  only  the  chloride'  ^eems  to  have  been  reported.  No 
attempt  was  made  to  prepare  this  salt  in  crystalline  form.  For 
the  experiments  where  the  chloride  was  used  it  was  assumed 
that  it  was  formed  by  the  addition  of  an  excess  of  hydrochloric 
acid  to  the  base.     The  results  confirm  this  assumption. 

An  attempt  was  made  to  prepare  the  quinoline  hydrobromide 
in  pure  condition.     A  mixture  of  the  acid  and  base  was  w^armed 

1  Cotniiuiatton  ot  pr«vicus  p«pcr.    This  Journal.  19,  558. 
tSchiff  :  Amm,  Ckem.  (I.icbig),  iji,  112. 
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for  some  time  on  the  water-bath.  Upon  cooling,  nearly  colorless 
needle-like  crj'^stals  were  obtained.  As  these  were  found  to  be 
exceedingly  deliquescent,  and  the  chief  object  in  the  prepara- 
tion being  the  study  of  the  further  action  of  the  halogens,  the 
attempt  at  analysis  was  deferred.  (This  salt  will  be  investiga- 
ted later. ) 

Quinoline  Hydriodide,  C,H,N.HI. — Hydriodic  acid  (boiling- 
point  i26**-i27°)  was  added  in  slight  excess  to  quinoline,  and 
the  mixture  heated  over  a  small  flame  in  a  flask  provided  with 
a  reflux  condenser.  Upon  cooling,  the  iodide  separated  out  as 
yellow  needle-shaped  crystals.  They  were  recrystallized  from 
absolute  alcohol.     Melting-point  135**. 


Calculated  for 

Pound. 

C«H,N.HI. 

I. 

II. 

Iodine      49-39 

49-44 

49.32 

Quinoline  Methyl  Chloride,  C,H,N.CH,C1,  has  been  prepared* 
by  heating  quinoline,  methyl  alcohol,  and  concentrated  hydro- 
chloric acid  to  160®  for  ten  hours.  Perfectly  white  crystals  con- 
taining one  molecule  of  water  were  obtained  melting  at  126",  and 
at  I40**  losing  water  and  becoming  deliquescent  and  rosy  red. 
That  used  in  the  follpwing  experiments  was  prepared,  without 
attempt  at  crystallization,  by  shaking  a  watery  solution  of  quin- 
oline methyl  iodide  with  freshly  precipitated  silver  chloride. 

Quinoline  Methyl  Bromide,  C,H,N.CH,Br,  was  prepared  by 
passing  methyl  bromide  into  quinoline.  An  abundance  of  col- 
orless needle-like  crystals  were  obtained.  They  were  dried  and 
used  directly  in  the  following  experiments.  They  are  readily 
soluble  in  water,  alcohol,  ether,  and  chloroform  ;  slightly  soluble 
in  acetone,  and  almost  insoluble  in  petroleum  ether  and  benzene. 
Melting-point  70°.  (Analytical  data  and  other  properties  will 
be  given  in  a  later  paper. ) 

Quinoline  Methyl  Iodide,  C,H,N.CH,I,  has  been  reported  by 
Williams*  and  La  Coste.^  For  the  following  experiments  it  was 
prepared  by  heating  quinoline  and  methyl  iodide,  on  a  water- 
bath,  in  a  flask  provided  with  a  reflux  condenser.-  They  are 
sulphur-yellow  crystals,  soluble  in  water,   alcohol,  chloroform, 

1  Oatermayer  :  Ber.  d.  chem.  Ges.^  18,  593. 
^Jsb.  d.  Chem.,  1^6,  534. 
s  Ber.  d.  chem.  Get,,  15,   19a. 
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and  ether      Melting-point    72^,  agreeing  with   Williams   and 
LaCoste. 

Quinoline  Hydrobromide  Tetrabromide^  C,H,N.HBr.Br^. — 
Hydrobromic  acid  was  added,  in  slight  excess,  to  quinoline,  and 
the  mixture  then  saturated  with  the  vapor  of  pure  bromine.  A 
heavy,  dark,  oily  layer  separated,  which  soon  solidified  as  a  mass 
of  dark  red  cubic  crystals.  They  are  soluble  apparently  with- 
out decomposition  in  water,  ether,  alcohol,  and  chloroform. 
Upon  exposure  to  the  air  they  gradually  decompose,  bromine 
oeing  given  off.     Melting-point  39°. 

CalcnUted  for  Pound. 

C«U,N.HBr.Br4.  I.  II. 

Total  bromine 75-42  75-23  75. 10 

Bromine  by  thiosulphate*--*  60.34  60.61  60.69 

A  portion  of  the  crystals  above  described  was  exposed  to  the 
air  until  constant  weight  was  obtained  and  no  more  bromine 
seemed  to  be  evolved.  The  compound  was  then  easily  soluble 
in  water,  alcohol,  ether,  and  chloroform.  It  crystallized  from 
the  last  as  beautiful  red  needles,  apparently  perfectly  uniform  in 
composition.  Melting-point  88°.  Analysis  shows  it  to  be  a 
mixture  of  lower  perbromides,  and  not  a  definite  compound. 

Quinoline  Hydrobromide  Dibromide,  C.H^N.HBr.Br,. — When 
an  aqueous  solution  of  quinoline  hydrochloride  was  saturated 
with  bromine,  a  heavy,  red  oil  settled  to  the  bottom,  becoming  a 
solid  mass  of  red  crystals  as  soon  as  separated  from  the  superna- 
tant liquid  and  exposed  to  the  air.  These  crystals  were  dried 
rapidly  between  filter- papers  and  recrystallized  from  chloroform, 
fine  red  crystals  melting  at  98°-99*.  A  qualitative  test  showed 
entire  absence  of  chlorine. 

Calculated  for  Found. 

CtHfN.HBr.Br,. 

Bromine  by  thiosulphate-  •  -  •  43- 30 
Total  bromine 64.S0 

Quinoline  Methyl  Bromide  Dibromide,  C,H,N.CH,Br.Br,. — 
Crystals  of  quinoline  methyl  bromide  were  dissolved  in  water 
and  the  solution  saturated  with  bromine.  At  first  a  yellow  pre- 
cipitate formed,  gradually  changing  to  a  heavy,  red  oil.  When 
the  oil  was  exposed  to  the  air  for  the  evaporation  of  the  excess 
of  bromine,  it  became  a  very   hard,  yellow,  crystalline   mass, 


I. 

u. 

43.07 

43.10 

64.29 

63.98 
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almost  insoluble  in  water  and  ether,  sparingly  soluble  in  chloro- 
form, and  readily  soluble  in  absolute  alcohol,  from  which  it 
crystallizes  as  yellow  needles.     Melting-point  loS"* 

Calculated  for  Pound. 

C«H,N.CH,Br.Br,.       I.  II.  III. 

Bromine  by  thiosulphate-*-  4,1.39        41.81        41-75        41*72 
Total  bromine 62.44        62.42        62.35  .... 

Qumdine  Hydriodide  Tetraiodide,  C.H,N.HI.I,.— Fifteen 
grams  of  iodine,  dissolved  in  alcohol,  were  mixed  with  five 
grams  of  quinoline  hydriodide,  dissolved  in  water.  Upon  stand- 
ing for  some  time  a  large  bulk  of  black  crystals  was  obtained. 
These  were  found  to  crystallize  best  from  about  sixty  per  cent, 
alcohol,  from  which  solution  they  were  obtained  as  lustrous 
black  plates.     Melting-point  76®. 

Calculated  for  Found. 

C«HtN.HI.I4.  I.  II. 

Iodine  by  thiosulphate 66.36  66.37  .... 

Toul  iodine 82.95  82.60  82.87 

This  same  compound  was  formed  when  an  alcoholic  solution 
of  iodine  was  added  in  excess  to  a  solution  of  quinoline  hydro- 
bromide.  The  crystals  first  obtained  were  twice  recrystallized 
from  alcohol.  Melting-point  76".  A  qualitative  test  showed 
entire  absence  of  bromine. 

Calculated  for  Pound. 

C,HtN.HI.I4.  I.  II. 

Iodine  by  thiosulphate 66.36  66.31  ^-33 

Total  iodine 82.95  82.51  .... 

Quinoline  Methyl  Iodide  Teiraiodide,  C,H,N.CH,I.I,.— An 
excess  of  an  alcoholic  solution  of  iodine  was  added  to  an  aqueous 
solution  of  quinoline  methyl  iodide,  C,H,N.CH,I.  Crystals 
began  *to  form  immediately  and  after  a  short  time  were  separated 
from  the  mother-liquor,  dried,  and  twice  recrystallized  from  alco- 
hol.   Melting-point  70®.     Analyses  I  and  II  are  given  below. 

In  another  preparation,  an  alcoholic  solution  of  iodine  was 
added  in  excess  to  an  aqueous  solution  of  quinoline  methyl  chlo- 
ride. Very  dark  crystals  soon  formed,  which  were  dried  and 
twice  recrystallized  from  absolute  alcohol.  A  qualitative  test 
showed  absence  of  chlorine,  but  the  analytical  results  are  a  little 
high  for  the  pure  quinoline  methyl  iodide  tetraiodide, —  III  and 
IV  below. 
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In  Still  another  preparation,  an  alcoholic  solution  of  iodine 
was  added,  in  excess,  to  an  aqueous  solution  of  quinoline  methyl 
bromide.  Crystals  began  to  form  at  once.  After  standing  for 
some  time  the  crystals  were  drained,  dried,  and  recrystallized 
from  alcohol,  forming  black-green  crystals,  melting  at  70**.  A 
qualitative  test  showed  the  absence  of  bromine, —  V  and  VI 
below. 

Calculated  for  Pound. 

C.H,N.CH,I.l4.     I.  II.  III.  IV.  V.  VI. 

Iodine  by  lhiosulphate.>  65.15        65.11     65.06    66.81     66.62    65.08    65.06 
Total   iodine 81.45        81.18    81.26    82.93    82.54      

m 

Quinoline  Hydrochloride  Bromide,  C,H,N.HCI. Br.— Chlorine 
was  passed  for  three  hours  into  a  mixture  of  quinoline  and  hy- 
drobromic  acid  dissolved  in  an  abundance  of  water.  The  solu- 
tion became  dark-colored  and  crystals  were  formed.  Gradually 
the  liquid  became  clear  with  a  voluminous  mass  of  yellow  crys- 
tals in  the  bottom  of  the  dish.  These  were  washed  with  warm 
water  and  twice  recrystallized  from  chloroform.  They  form  fine 
yellow  needles  melting  at  ioi°-i02**. 

Calculated  for  Found. 

CtH,N.HCl.Br 

Halogens  by  thiosulpliate  •.•14.42 
Total  halogens 46.97 

Quinoline  Methyl  Chloride  Bromide ,  C,H,N.CH,C1. Br.— Quino- 
line methyl  bromide  was  dissolved  in  water  and  saturated  with 
chlorine.  A  yellow  crj-stalline  mass  was  formed,  soluble  in 
chloroform,  front  which  it  crystallized  as  yellow  scales.  Melt- 
ing-point 112°.  A  qualitative  test  showed  the  presence  of  bro- 
mine. 

Calculated  for  Found. 

C,H,N.CH,C1  Br.  I.  II. 

Halogens  by  thiosulpliate- >.   11.35  11. 10  11.03 

Total  halogens 32.94  32.17  32.11 

Quinoline  Hydrochloride  lodochloride,  C„H,N . HCl . ICl . — Quin- 
oline hydriodide  dissolved  in  water,  was  warmed  on  the  water- 
bath  and  then  saturated  with  chlorine.  The  solution  became 
dark  at  first,  as  if  from  precipitated  iodine,  then  the  dark  color 
gradually  disappeared  with  the  formation  of  yellow  crystals. 
These  are  sparingly  soluble  in  chloroform,  but  long  3'ellow  pris- 
matic crystals  were  obtained  by  partial  evaporation  of  the  chlo- 
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roform  solution  and  then  setting  aside,  loosely  covered,  in  a  cool 
place.    Melting-point  112*. 

Calculated  for  Pound. 

C,HtN.HC1.IC1.  I.  II. 

Halogens  by  thiosulphate  ••  •  21.61  21.75  21.64 

Total  halogens 60.27  60.04  59* 70 

Quinoline  Methyl  Chloride  lodochlmde,  C,H,N.CH,C1.IC1.— A 
watery  solution  of  quinoline  methyl  iodide  was  heated  on  the 
water-bath  and  saturated  with  chlorine.  The  clear  solution  rap- 
idly assumed  a  very  dark  brown  color,  gradually  changing  to  a 
dear  solution  and  a  yellow  precipitate.  The  precipitate  was 
collected,  dried,  and  recrystallized  from  chloroform.  Fine  yel- 
low crystals  were  obtained. 

Calculated  for 
C«HtN.CH|C1.IC1. 

Halogens  by  thiosulphate  •  •     20.73 

Total  halogens 57-8o 

Quinoline  Hydrohromide  lodohromide,  C.H^N.HBr.IBr. — Quin- 
oline hydriodide  was  dissolved  in  water  and  saturated  with  bro- 
mine. A  dark  oil,  containing  crystals,  soon  settled  to  the  bot- 
tom of  the  liquid.  The  oily  and  crystalline  mass  was  carefully 
separated  from  the  supernatant  liquid,  and  warmed  upon  the 
water-bath  to  drive  off  excess  of  bromine.  A  red  crystalline 
mass  was  obtained  moderately  soluble  in  absolute  alcohol,  from 
which  solution  it  crystallizes  nicely  after  partial  evaporation. 
Melting-point  109°. 

Calculated  for  Found. 

C«HTN.HBr.IBr.    I.  II.  III. 

Halogens  by  thiosulphate..-  38.36        38.40        38.31        38.34 
Total  halogens 68.77        ^-52        ^-40         •••• 

Quinoline  Methyl  Bromide  lodobromide,  C,H,N.CH,Br.IBr.— 
Heavy,  dark  red  oil  is  formed  upon  saturating  a  watery  solution 
of  quinoline  methyl  iodide  with  bromine.  Upon  exposing  the 
oil  to  the  air  for  the  evaporation  of  the  excess  of  bromine,  a  mass 
of  reddish  crystals  was  obtained.  These  crystallized  from  abso- 
lute alcohol  as  yellow  plates  containing  iodine.  Melting-point 
io8*. 

Calculated  for  Found. 

CtHfN.CHsBr.IBr.      I.  II.  III. 

Halogens  by  thiosulphate .. .  37.11        37.66        37.32        37.24 
Total  halogens 66.51        66.40       66.37         * *- * 
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SUMMARY. 

The  action  of  bromine  upon  quinoHne  methyl  chloride  has 
not  been  studied,  nor  the  action  of  the  halogens  upon  the  ethyl 
halides  of  quinoline.  These  will  be  reported  later.  Iodine  com- 
pletely displaces  chlorine  from  quinoline  hydrochloride,  but  in 
all  cases  a  tarry-like  mass  was  obtained,  which  could  not  be  puri- 
fied for  analysis. 

The  general  reactions  with  quinoline  are  very  similar  to  those 
with  pyridine*.  No  perchlorides  of  the  normal  chlorides  are 
formed.  Chlorine  seems  to  displace  bromine  and  iodine  from 
the  normal  position,  and  then,  with  the  iodocorapounds,  to  com- 
bine with  the  displaced  halogen,  forming  iodochlorides  of  the 
normal  chlorides.  With  the  bromides  there  is  but  one  atom  of 
perhalogen,  thus  giving  other  instances  of  a  probable  bivalent 
halogen' ;  z.^., 

R  R 

C.H,n/  or  C.H,n/ 

>Cl=Br  ^Cl— Br. 

Bromine  displaces  chlorine  completely,  forming  perbromides  of 
the  normal  bromides.  It  displaces  iodine  from  the  normal  posi- 
tion and  then  combines  with  the  displaced  iodine  to  form  an 
iodobromide  of  a  normal  bromide.  Iodine  displaces  both  chlo- 
rine and  bromine  from  the  normal  position  forming  periodides  of 
the  normal  iodides. 

The  action  of  the  halogens  upon  quinoline  has  been  studied 
by  Grimaux,*  Claus  and  Istel,*  Ostermayer,*  and  Dittmar* ;  but 
none  of  these  give  the  action  of  reducing  agents  as  showing  the 
probable  relation  of  the  halogen  atoms.  It  is  purposed  to  take 
up  this  study  in  the  near  future. 

I  wish  to  express  my  thanks  to  Professor  A.  B.  Prescott,  in 
whose  laboratory  and  under  whose  general  supervision  the  work 
has  progressed  ;  also  to  Mr.  John  D.  Wombacher,  for  his  assist- 
ance in  the  laboratory  at  Ann  Arbor. 

Marbukg,  Germany,  November  24,  1898. 

1  This  Journal,  19,  558. 

S  Ibid.^  19,  322. 

s  BvU.  Soc.  Chim.,  38,  124 

*/did.,  18,  600. 

ft  Ber.  d.chem.  Ges.^  25,  824. 

6/&Mf.,  x8,  1613. 
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THIRD   INTERNATIONAI.   CONGRESS   OF   APPLIED 

CHEMISTRY. 

[Held  in  Vienna.  July  37-Auiru8t  4, 1898.] 

Dr,  C,  E.  Afunroe,  President  of  the  American  Chemical  Society : 

Sir  :  I  have  the  honor  to  submit  the  following  report  of  my 
observations  as  a  delegate  of  the  American  Chemical  Society  to 
the  Third  International  Congress  of  Applied  Chemistry,  held  in 
Vienna,  July  27  to  August  4,  1898. 

The  president  of  honor  of  the  congress  was  Dr.  Alexander 
Bauer,  K.  K.  Hofrath  and  professor  of  chemistry  in  the  Imperial 
Technical  High  School  of  Vienna. 

The  acting  president  was  Dr.  Hugo  Ritter  von  Perger,  Regie- 
ningsrath  and  professor  in  the  Imperial  Technical  High  School. 

The  vice-presidents  were  chosen  from  the  several  sections  in 
proportion  to  their  membership.  Nearly  all  the  vice-presidents 
were  selected  from  among  the  delegates  of  foreign  nations.  Our 
society  was  represented  among  the  vice-presidents  by  Prof.  W. 
B.  Rising,  of  the  University  of  California ;  Dr.  F.  G.  Wiech- 
mann,  chief  chemist  of  the  American  Sugar  Refining  Co.;  and  Dr. 
H.W.Wiley,  chief  chemist  of  the  U.  S.  Department  of  Agriculture. 
Among  other  vice-presidents  whose  names  are  well  known,  may 
be  mentioned  Professors  Fischer,  Buchner,  Herzfeld,  Claassen, 
Vogel,  and  von  Lippman,  of  Germany  ;  Moissan,  Fernbach, 
Dupont,  and  Lindet,  of  France  ;  Lobry  de  Bruyn,  of  Holland  ; 
and  Piutti  and  Verdrodi,  of  Italy.  The  members  of  the  Austro- 
Hnngarian  Cabinet  were  also  made  presidents  of  honor. 

A  preliminary  meeting  of  the  committees  and  an  informal  re- 
ception to  visiting  members  took  place  on  the  evening  of  July 
37th  in  the  Cursalon  of  the  City  Park.  A  concert  by  a  military 
band  and  abundant  refreshments  were  offered  to  the  members  of 
the  congress  oh  this  occasion. 

On  the  28th  of  July  the  general  opening  of  the  congress  took 
place  in  the  Aula  of  the  Vienna  University. 

The  opening  discourse  was  given  by  Prof.  Dr.  von  Perger,  as 
follows : 

'*Most  esteemed  gentlemen:  As  chosen  chairman  of  this 
select  assembly,  I  have  the  great  honor  of  opening  the  Third  In- 
ternational Congress  of  Applied  Chemistry.  Permit  me,  before 
I  fulfil  this  pleasant  duty,  to  express  the  wish  that  this  associa- 
tion of  the  most  prominent  men  of  science,  honored  as  it  is  by 
the  presence  of  illustrious  representatives  of  various  govern- 
ments, may  accomplish  the  grand  purpose  which  has  created  it 
in  fully  as  brilliant  a  manner  as  at  Brussels  and  Paris,  so  that  it 
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will  justify  the  intentions  of  those  who  see  in  the  personal  inter- 
course of  the  representatives  of  applied  chemistry,  in  this  inter- 
national association,  an  important  means  of  furthering  common 
interests. 

*'  Cooperation  in  work  has,  as  a  look  into  the  past  will  show, 
always  accomplished  great  ends.  I  am  certain  that  I  need  not 
enumerate  examples  as  proof  of  this. 

**  The  great  thoughts  which  have  irresistibly  guided  future 
progress,  the  thousands  of  discoveries  and  inventions  which  have 
rendered  possible  the  development  of  chemical  technics,  the 
tedious  labors  in  the  laboratory  and  factory,  are  as  an  open  book 
to  you  who  are  cooperating  in  this  grand  work  directed  toward 
the  betterment  of  all,  for  they  represent  at  least  in  part  your  own 
experiences.  A  comparison  of  the  present  with  the  past  fully 
guarantees  the  constantly  increasing  importance  of  technical 
knowledge,  and  correspondingly  the  growing  reputation  of  its 
representatives.  It  enables  us  to  determine  the  paths  in  which 
our  knowledge  of  material  growth  proceeds  with  regularly 
increasing  rapidity,  and  even  now  permits  us  to  recognize  great 
problems  whose  solution  is  approaching. 

**  While  in  the  field  of  the  chemical  technology  of  inorganic 
compounds  the  raw  materials  used  on  the  large  scale  have  re- 
mained the  same,  there  being  added  only  the  preparation  of  the 
carbides  and  rare  earths,  the  methods  of  production  have  been 
amended  with  great  success  with  reference  to  rational  manage- 
ment and  control. 

**  The  application  of  electrical  energy  has  caused  and  will,  in 
the  future,  result  in  important  changes. 

**The  raw  materials  of  the  chemical  technology  of  organic 
bodies  have  in  numerous  branches  of  the  latter  hitherto  re- 
mained the  products  of  the  processes  of  life,  and  progress  has 
been  confined  for  the  most  part  to  a  further  development  of 
methods,  both  analytical  and  practical,  apart  from  the  notable 
improvements  in  the  fermentation  industries. 

•  *  The  triumphs  of  synthesis  have  been  mostly  identified  with 
the  chemistry  of  coal  tar  and  its  constituents.  They  have  not 
only  caused  a  complete  revolution  in  the  textile  industries,  but 
have  also  accomplished  much  in  the  preparation  of  valuable 
medicinal  compounds. 

**  The  theory  of  the  constitution  of  aromatic  compounds, 
which  have  proved  of  such  value  in  the  technology  of  dyeing, 
has  not  been  without  influence  on  other  branches  of  research. 
The  gulf,  which  existed  for  many  years  between  compounds  of 
the  '  aliphatic'  and  '  aromatic*  series,  has  been  bridged  by  the 
discovery  of  the  *  hydrocyclic'  compounds. 

'*  The  unitarian  system  represents  fully  as  great  an  advance 
as  the  synthesis  of  urea   (1828)  by  Wohler,  which  marked  an 
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epoch  in  the  history  of  chemistry  in  that  it  once  for  all  over- 
threw the  doctrine  that  life  was  an  essential  to  the  production  of 
organic  compounds. 

*'  The  separation  of  optically  inactive  substances  into  othei 
substances  which  are  dextro-  and  laevo-rotatory,  which  dis- 
proved the  hypothesis  that  the,  rotatory  power  of  compounds 
containing  carbon  is  a  characteristic  proof  of  their  derivation 
from  organized  bodies,  was  but  a  further  result  of  the  knowledge 
previously  acquired. 

**  Just  as  Chevreul  at  the  beginning  of  this  century  explained 
the  constitution  of  the  fats  by  his  notable  investigations  on  the 
process  of  saponification,  the  results  of  which  have  never  been 
questioned,  so  has  Emil  Fischer  ushered  in  a  new  epoch  by  his 
illustrious  work  on  the  synthesis  of  the  carbohydrates. 

**  The  well-known  hydrolysis  of  starch,  the  separation  of  com- 
plex molecular  compounds  into  simpler  compounds,  whose  con- 
stitution has  been  determined,  the  first  synthesis  of  a  *  gluco- 
side'  by  Emil  Fischer,  the  recent  experiments  of  Marchlewsky 
on  the  synthesis  of  sucrose  from  artificially  produced  *  levulose* 
and  *  dextrose',  all  lead  directly  to  the  desire  to  find  *  Reversion- 
reactions,'  which  will  enable  us  to  build  up  compounds  of  high 
molecular  weight,  whose  molecular  complex  has  been  approxi- 
mately determined  by  Raoult's  method. 

*•  The  feasibility  of  such  syntheses  being  assumed,  we  more 
closely  approach  a  solution  of  the  question  of  organization,  and 
the  gap  which  exists  between  this  and  the  so-called  inorganic 
compounds  will  be  bridged  over  similarly  to  that  which  formerly 
separated  the  fatty  and  aromatic  series. 

"The  reversion-reactions  will  secure  the  synthesis  of  sub- 
stances, whose  production  in  this  manner  will  be  of  great 
economic  value,  just  as  the  synthesis  of  alizarin  by  Graebe  and 
Liebermann  has,  and  as  the  preparation  of  synthetic  indigo  will 
become,  the  latter  acquiring  more  and  more  practical  importance 
every  day. 

'*The  outlook  with  reference  to  the  results  of  our  present 
knowledge  is  elevating ;  it  indicates  the  satisfactory  solution  of 
questions  which  interest  not  only  the  chemist,  but  the  national 
economist,  and  possibly  the  philosopher. 

**  Encouraged  by  previous  successes  and  having  absolute  faith 
in  the  unchangeable  advance  of  knowledge,  we  look  into  the 
approaching  century  with  the  confidence  born  of  successful 
investigation,  the  unity  of  being,  the  exploration  of  the  synthe- 
"i  of  organic  compounds,  those  complex  compounds,  whose  syn- 
loesis  will  lead  to  the  secret  of  the  organization  of  life. 

*'  With  this  view  of  the  future  I  have  ventured  to  address  this 
most  distinguished  assembly  and  with  these  modest  words  I  may 
be  permitted  to  open  the  Third  International  Congress." 
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« 

Dr.  Bauer  addressed  the  congress  briefly  after  Dr.  von  Perger 
had  finished.     He  said  : 

**  Gentlemen  :  As  honorary  president  of  the  committee  of 
organization  for  this  meeting  I  have  the  great  honor  to  bid  you 
a  cordial  welcome,  and  I  take  advantage  of  this  occasion  to 
express  our  satisfaction  at  seeing  so  many  illustrious  members 
in  our  midst. 

'^  Our  program  is  rather  a  large  one  and  involves  a  great  many 
and  various  subjects.  I  think  the  most  satisfactory  part  of  it 
will  be  shown  in  the  fact  that  there  is  always  an  agreement  in 
human  labor  between  practical  work  and  theoretical  investiga- 
tion. 

*'  If  chemistry  has  not  to  be  the  servant  of  any  one  art,  as 
Robert  Boyle  said  two  hundred  years  ago,  the  chemistry  of 
to-day  allows  us  to  serve  the  arts  and  at  the  same  time  and  in 
the  same  way  to  devote  ourselves  to  the  study  of  the  highest 
problems  of  science. 

*'  In  the  name  of  the  Austrian  chemists  I  thank  most  sincerely 
those  who  have  shown  their  interest  in  the  success  of  this  con- 
gress by  personally  appearing  here  ;  also  those  who  have  become 
members  of  the  congress  in  all  parts  of  the  world,  but  who  have 
been  prevented  from  attending  its  meetings.  If  we  shall  succeed 
in  making  this  congress  a  success,  it  will  be  due  chiefly  to  the 
important  position  which  science  and  industry  have  taken  in  our 
fatherland. 

*'  For  this  we  thank  first  of  all  the  wise  care  and  thoughtful- 
ness  of  our  most  gracious  Emperor,  and  we  are  most  happy, 
gentlemen,  to  have  you  here  on  the  occasion  of  the  celebration 
of  the  fiftieth  year  of  his  reign.  I  invite  you,  therefore,  to  join 
with  me  in  crying,  *  His  Mgjesty,  our  most  gracious  Emperor 
and  Lord,  his  royal  and  Imperial  Catholic  Majesty,  Franz  Josef 
First,  er  lebe  hoch  !  und  dreimal  hoch  !'  " 

All  the  members  arose  and  joined  in  the  cheers,  and  thereafter 
the  following  telegram  was  sent  to  the  Emperor : 

*  *  To  His  ExcelUncy,  Count  Paar, 

**  Chief  Adjutant  of  His  Majesty^  IschL 
**  The  Third  International  Congress  of  Applied  Chemistry, 
now  sitting  in  Vienna,  begs  your  Excellency  to  present  to  His 
Majesty  in  the  name  of  the  Congress  the  request  that  His 
Supreme  Majesty  will  most  graciously  accept  the  homage  and 
the  most  cordial  wishes  of  the  Congress  on  this  jubilee  year. 

**  For  the  Congress  :    RiTTER  von  Perger.*' 

To  this  telegram  the  following  reply  was  received  : 

''  In  accordance  with  the  imperial  command  I  have  the  honor 
to  return  to  the  honored  chairman  of  the  Third  International 
Congress  of  Applied  Chemistry  the  thanks  of  the  Emperor  for 
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the  telegram  of  homage  addressed  to  His  Imperial  and  Royal 
Apostolic  Majesty. 

'*  KUENBURG. 

•*  Ischl,  July  29,  1898.  **  Acting  for  Count  Paar." 

Dr.  Strohmer,  the  general  secretary  of  the  Congress,  then  pre- 
sented his  preliminary  report,  in  which  the  organization  of  the 
work  of  the  congress  was  discussed.  Committees  on  organiza- 
tion were  formed  by  the  central  committee,  not  only  in  Austria, 
but  also  in  other  countries.  The  Austrian  committee  consisted 
of  nearly  200  persons,  of  whom  153  were  inhabitants  of  Vienna. 
12,000  circulars  were  printed  in  German,  French,  and  English, 
and  sent  to  diemists  in  all  parts  of  the  world.  Notices  of  the 
meeting  were  printed  in  more  than  200  scientific  journals. 
Special  invitations  were  sent  to  more  than  600  investigators  in 
all  countries  to  prepare  papers,  and  the  hundreds  of  responses 
received  show  how  generally  these  invitations  were  accepted. 
In  closing.  Prof.  Strohmer  said  : 

•*  In  this  short  report  I  hope  I  have  shown  that  the  organiza- 
tion committee  of  the  Third  International  Congress  of  Applied 
Chemistry  has  not  in  earnestness  and  industry  fallen  behind  the 
Paris  committee  for  the  second  congress,  and  I  further  hope, 
gentlemen,  that  you  will  find  that  we  have  laid  a  sufficient 
foundation  for  your  work  while  here.'* 

SCIENTIFIC  ADDRESS  BEFORE  THE  WHOLE  CONGRESS. 

Only  one  scientific  address  was  delivered  before  the  general 
session  of  the  congress;  viz,^  **  Fermentation  without  Cells," 
by  Prof.  Buchner.  The  speaker  stated  that  the  results  he 
had  obtained,  and  which  he  would  proceed  to  demonstrate, 
showed  that  the  old  notion  which  supposed  that  fermentation 
could  only  take  place  under  the  influence  of  a  living  cell,  like 
that  of  yeast,  for  example,  was  evidently  erroneous.  Cells  capa- 
ble of  effecting  fermentation  probably  acted  through  the  produc- 
tion of  another  body,  a  residue  of  cell  vitality,  and  it  was  this 
body  that  was  the  active  principle.  The  method  of  preparing 
yeast  liquor  containing  no  yeast  cells  was  described  in  detail. 
Fresh  Munich  beer  yeast  is  deprived  of  water  by  a  pressure  of 
fifty  atmospheres,  and  is  then  mixed  with  an  equal  weight  of 
quartz  sand  and  a  fifth  of  its  weight  of  kieselguhr,  and  the  whole 
pulverized.  The  process  is  continued  until  the  pulverized  mass 
begins  to  stick  together  and  on  examination  with  the  microscope 
shows  that  at  that  time  about  forty  per  cent,  of  the  yeast  cells 
are  crushed.  The  mass  is  placed  on  a  cloth  and  gradually  sub- 
jected to  a  pressure  of  500  atmospheres  in  a  hydraulic  press. 
The  cake  is  removed,  moistened  with  water,  and  again  pressed. 
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From  one  kilo  of  yeast  about  500  cc.  of  juice  are  obtained  by 
the  above  treatment,  of  which  only  about  140  cc.  should  be  due 
to  the  added  water.  The  expressed  yeast  juice  drops  from  the 
press  into  a  folded  filter,  and  the  filtrate  is  received  in  a  flask 
cooled  with  ice-water.  Nearly  all  the  yeast  cells  are  destroyed 
by  the  pressure,  the  microscope  showing  only  about  four  per 
cent,  intact.  The  others  are  seen  to  be  only  empty  walls,  their 
contents  having  all  been  expressed.  In  the  yeast  juice  certain 
enzymes  are  found ;  viz,,  invertose,  oxydases,  and  proteolytic 
ferments.  The  yeast  juice  is  capable  of  fermenting  sucrose, 
maltose,  ^-galactose,  ^-fructose,  /-arabinose,  and  mannose.  It 
does  not  act  on  lactose.  ^-Galactose  and  glycogen  are  fer- 
mented with  diflSculty. 

It  appears,  therefore,  that  fermentation  is  not  a  physiological 
process,  or,  in  other  words,  a  complex  vital  act.  It  depends 
rather  on  an  enzyme-like  body  resembling  zymose,  which  is  pro- 
duced only  in  the  organisms  of  living  cells  like  those  of  yeast. 
Numerous  experiments,  showing  the  fermentative  action  of  the 
yeast  juice,  were  made  during  the  progress  of  the  lecture. 

THE  WORK  OF  THE  SECTIONS. 

The  congress,  after  the  opening  session  and  the  address  of 
Prof.  Buchner,  separated  into  sections,  of  which  twelve  were 
organized  for  work.  On  account  of  the  large  number  of  papers 
offered  in  some  of  the  sections,  it  was  found  necessary  to  organ- 
ize a  number  of  subsections.  The  final  arrangement  for  sec- 
tional work  was  as  follows  : 

Sec,  I,  General  analytical  chemistry  and  apparatus. 
*•    //.  Medical,  pharmaceutical,  and  food  chemistry. 
Subsection  A.  Pharmaceutical  chemistry. 
**  B.    Food  chemistry. 

**  C.    Medical  chemistry. 

///.  Agricultural  chemistry. 

IV,  Chemistry  of  the  sugar  industry,  starch  and  grape 
sugar. 

V,  Chemistry  of  fermentation. 
Subsection  A.  Beer  brewing  and  malt  manufacture. 

*'  B.    Alcohol  and  compressed  yeast  indus- 

try. 

VI,  Chemistr>'  of  wine. 

VII,  Chemical  industries  of  inorganic  materials. 

VIII,  Metallurgy,  mining  chemistry,  and  explosives. 

IX,  Chemical  industries  of  organic  bodies. 
Subsection  A.  Coal-tars  and  textile  dyes. 

*'  C.    Chemistry  of  fats,  oils,  and  lubri- 

cants. 


<  < 
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Sec.  IX.     Subsection  D.     Paper  and  cellulose. 

*'         E.     Tanning  and  glue. 
**    X.       Chemistry  of  printing  (lithograph,  photograph,  etc. ) . 
**    XI.     Didactic  chemistry. 
•*    XII .  Electrochemistry. 

It  would  not  be  possible  to  give  an  extract  or  even  the  titles 
of  the  hundreds  of  papers  read  before  the  sections.  Unfortu- 
nately, no  complete  programs  of  the  papers  read  before  each 
section  were  printed,  and  members  could  only  find  out  what  was 
going  on  by  going  from  section  to  section.  Only  brief  abstracts, 
and  of  these  only  of  the  most  important  papers,  were  printed 
during  the  congress.  A  rather  comprehensive  r^sum6  of  the 
papers  presented  is  appearing  in  the  Oesterreichische  Chemikcr- 
Ztitung,  in  the  Chefniker-Zeitung  edited  by  Dr.  Krause  at 
Cothen,  and  in  the  Wockenschrift  des  Central-vereins  fur  Ruben- 
zucker  Industrie  in  der  Oesterr-Ungarische  Monarchie.  Prac- 
tically all  the  papers  will  appear  in  full,  in  the  various  chemical 
joamals,  and  in  the  printed  proceedings  of  the  Congress. 

Some  of  the  more  important  papers  presented  in  the  various 
sections  are  as  follows  : 

Sec.  I. — I.  Estimation  of  Phosphoric  Acid,  by  Prof.  H.  Lasne. 

2.  Choice  of  Atomic  Weights,  by  Dr.  Bersch. 

3.  Proposals  for  the  Uniform  Use  of  Indicators  in  Volumetric 
Analysis,  by  Dr.  Paul  Degener. 

4.  Pinal  action  on  the  resolutions  of  the  Second  International 
Congress  relating  to  the  construction  and  introduction  of  uni- 
form areometers,  burettes,  etc. 

Sec.  II. — I.  Testing  Butter  for  Foreign  Fats  and  Refracto- 
metric  Milk  Analysis,  by  Dr.  Wollny.  In  these  papers  Dr. 
Wollny  described  the  use  of  his  refractometer  for  determining 
the  fat  in  the  ether  extract  of  milk  obtained  in  much  the  same 
way  as  in  the  old  Soxhlet  method  of  determining  the  fat  by  the 
density  of  the  ether  solution.  The  method  is  very  rapid  and 
reasonably  accurate,  and  especially  where  small  quantities  of  fat 
are  concerned,  as  in  the  case  of  skim  milk. 

2.  Examination  of  Lard,  by  Dr.  Raumer. 

3.  Examination  of  Ethereal  Oils  with  the  Polariscope,  by  Dr. 
Duyk. 

4.  Determination  of  the  Purity  and  Activity  of  Serum,  by  the 
French  Committee. 

5.  Determination  of  Gluten  in  Flours,  by  M.  Fleurent. 

6.  Changes  of  Chlorine-holding  Materials  in  the  Organism,  by 
Dr.  Gross. 

7.  Analysis  of  Potable  Waters,  by  M.  Durand. 

8.  Is  It  Possible  to  Detect  Pure  Brandy  by  Chemical  Means  ? 
by  Dr.  Werber. 


8o  REVIEW. 

9.  What  is  the  Limit  of  Copper  Content  in  Preserved  Vege- 
tables, etc.,  by  Dr.  Baum. 
10.  Synthesis  of  Protein,  by  Dr.  Leon  Lilienfeld. 

Sec,   III, — I.  Plants    Suitable    for    Cultivation    on     Forest 
Domains,  by  Arthur  Thezarie. 

2.  Culture  of  Peaty  Lands,  by  Dr.  B.  Tacke. 

3.  Rational  Treatment  of  Stall  Manures  in  Order  to  Avoid 
Loss  of  Nitrogen,  by  Dr.  Schneidewind. 

4.  The  Chemical  Composition  of  Indian  Corn  and  Its  Impor- 
tant Products,  by  Dr.  H.  W.  Wiley. 

5.  Feeding  Cattle  with  Molasses,  by  M.  Vivier. 

6.  Unification    of    Methods    for    the   Analysis  of  Chemical 
Manures,  by  Prof.  Angelo  Menozzi. 

7.  Determination    of    Phosphorus    Pentoxide    as  a   Control 
Method,  by  Dr.  Ritter  von  Grueber. 

Sec,  IV. — I.  The  Role  of  Pentosans  in  Sugar  Manufacture, 
by  Dr.  A.  Stift. 

2.  Influence  of  Saccharose  on  the  Determination  of  Pentosans, 
by  Karl  Andrlik. 

3.  Influence  of  Temperature  on  the  Specific  Rotatory  Power 
of  Sucrose,  by  H.  W.  Wiley. 

4.  New  Processes  of  Sugar  Manufacture  and  Increased  Out- 
put, by  Dr.  A.  Herzfeld. 

5.  The  Electrolytic  Estimation  of  Sugar,  by  J.  Formanck. 

6.  Crystallization  of  Amorphous  Sucrose,  by  F.  G.  Wiechmann. 

7.  Greek  Sugar  Beets,  by  Prof.  A.  Christomonas. 

8.  The  Chemical  Nature  of  Caramel,  by  N.  Fradniss. 

9.  The  Viscosity  of  Sirup,  by  Dr.  A.  Classen. 

ID.  International  Methods  of  Determining  the  Quality  of  Sugar- 
beet  Seed,  by  G.  Pammer. 

Sec,  V, — I.  The  Diastatic  Power  of  Mushrooms,  by  Dr.  Jean 
Effront. 

2.  International  Agreement  of  Methods  of  Malt  Examination, 
by  Prof.  L.  Aubry. 

3.  The  Steps  in  the  Hydrolysis  of  Starch,  by  Prof.  Dr.  Lintner. 

4.  The  Pasteurization  of  Beer  in  Bottles  and  Barrels,  by  Prof. 
Caro. 

5.  Continuous  Rectification,  by  Drs.  Barbet  and  Fernbach. 

6.  Estimation  of  Aldehydes,  by  Prof.  Istrati. 

7.  Invert  Sugar  Estimation,  by  Dr.  G.  Bruhus. 

Sec,  VI. — I.  Methods  for  the  Chemical  Examination  of  Wine, 
report  by  Drs.  Barth,  Bain,  Kruger,  and  Haas. 

2.  Influence   of   Climatic   Conditions  on   the   Wine,  by    Dr. 
Radulescu,  Prof.  Dr.  Hilger,  and  Dr.  Roesler. 

3.  Influence  of  Animal  and   Plant  Parasites  on  the  Character 
pf  the  Wine,  by  Prof.  Barth. 
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4.  Influence  of  Fertilization  on  the  Character  of  the  Wine,  by 
Prof.  Barth. 

5.  Influence  of  the  Different  Ferments  on  the  Character  of  the 
Wine,  by  Prof.  Worthmann. 

6.  Methods  of  Controlling  the  Progress  of  Fermentation,  by 
Dr.  Joseph  Bersch  and  W.  Seifert. 

7.  Influence  of  the  Electric  Current  on  the  Ripening  of  Wine, 
by  Drs.  Barth  and  Kreps. 

Sec.  VII. — I .  The  Present  Condition  of  the  Petroleum  Indus- 
try, by  Prof.  Zalozucki. 

2.  The  Flashing-point  of  Petroleum,  by  C.  A.  Lobry  de  Bruyn. 

3.  Acetylene  Generators  and  Acetylene  Burners,  by  Dr.  N. 
Care. 

4.  The  Industrial  Manufacture  of  Ammonium  Nitrate,  by  M. 
Truchot. 

5.  Chemical  Processes  in  the  Burning  and  Slaking  of  Lime, 
by  Prof.  Dr.  A.  Herzfeld. 

Sec.  VIII . — I.  The  Manufacture  of  By-products  from  Iron 
Ores,  by  Emil  Hulz. 

2.  International  Agreement  with  Reference  to  the  Handling 
and  Transport  of  Explosives,  by  Phillip  Hess  and  Julius  Ephriam. 

3.  Theory  of  Safety  Explosives,  by  Julius  Ephriam. 

4.  Chemical  and  Microscopic  Examination  of  Gunpowder,  by 
A.  Croquert. 

5.  A  New  Process  of  Producing  Water-gas,  by  George  Hangs- 
dorf. 

6.  Some  New  Methods  of  Steel  Analysis,  by  L.  Verrier. 

7.  New  Methods  of  Electrical  Estimation  of  Zinc  in  Ores,  by 
Dr.  Henry  Pawck. 

Sec.  IX. — I.  The  Present  Condition  of  the  Chemistry  of  Coal- 
tars,  by  Dr.  P.  Friedlander. 

2.  International  Adoption  of  the  Baum6  Scale  for  the  Deter- 
mination of  Specific  Gravity,  by  Prof.  Wolfbauer. 

3.  The  Analysis  of  Resins,  by  Dr.  Carl  Dietrich. 

4.  The  Technical  Analysis  of  Bone  Fats,  by  Dr.  Slenkoff. 

5.  The  Chemistry  of  Paper-making,  by  Dr.  Kellner. 

6.  The  Analysis  of  Tanning  Substances,  by  Prof.  Miiller. 

7.  Study  of  the  Different  Kinds  of  Glues,  by  A.  Crouquist. 

Sec.  X* — I.  Influence  of  the  Chemical  Composition  of  Glass  on 
the  Character  of  Photographic  Lenses,  by  Dr.  A.  Miethe. 

2.  Results  of  Experience  in  Photographing  with  Artificial 
Lights  (Magnesium,  Aluminum,  Auer,  Acetylene,  etc.),  by 
Henry  Kessler. 

3.  Methods  for  Determining  the  Precious  Metals  in  Photo- 
graphic Baths,  by  Prof.  A.  Lainer. 

4.  Best  Methods  of  Recovering  the  Precious  Metals  from 
Photographic  Residues,  by  Prof.  A.  Lainer. 
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5.  Most  Sensitive  Paper  for  the  Less  Refracted  Spectral  Rays, 
by  Dr.  M.  Andresen. 

Sec.  XI, — I.  The  Education  and  Qualifications  of  Official 
Food  Chemists,  by  Dr.  Kaiser. 

2.  The  Requirements  for  Official  Technical  Chemical  Service 
in  Austria- Hungary,  by  Dr.  N.  Bomburger. 

Sec,  XII, — I.  Preparation  and  Properties  of  Metallic  Calcium, 
by  Prof.  H.  Moissan. 

2.  Novelties  in  Eletrochemical  Technics,  by  Dr.  Kellner. 

3.  Uniform  Conditions  in  Electrochemical  Work,  by  Dr.  G. 
Vortmann. 

REMARKS  ON    PAPERS. 

In  addition  to  the  papers  already  mentioned,  those  by  Moissan 
and  Lilienfeld  attracted  general  attention.  American  chemists 
are  so  familiar  with  Moissan's  work  that  it  would  be  a  work  of 
supererogation  to  refer  to  it  here  at  any  length.  The  methods 
of  preparing  metallic  calcium  were  described,  samples  of  the 
metal  shown,  and  its  physical  and  chemical  properties  illustrated. 

ARTIFICIAI<  AI.BUMEN. 

The  synthesis  of  a  peptone  or  peptonoid  by  Lilienfeld  marks 
a  distinct  step  forward  in  synthetic  work,  in  the  field  already 
partly  explored  by  Grimaux,  Pickering,  Williamson,  and  others. 
We  can  now  speak,  however,  only  of  its  centesimal  composition. 
The  state  of  its  molecular  condensation  and  atom  position  can 
only  be  determined  by  securing  large  quantities  of  the  product 
and  submitting  it  to  chemical  and  digestive  studies.  It  is  prob- 
able that,  as  in  the  case  of  sugars,  the  artificial  peptone  will  lack 
the  vital  element.  In  other  words,  while  the  chemist  has  suc- 
ceeded in  building  molecules  which  resemble,  in  every  outward 
respect,  those  built  up  by  nature,  they  are  uniformly  dead,  with- 
out cell  functions  or  cell  activity.  The  details  of  this  important 
scientific  work  must  be  awaited  before  a  final  judgment,  in  re- 
gard to  its  far-reaching  importance,  can  be  formulated. 

The  synthesis  of  peptone  is  effected  by  the  condensation  of 
phenol  with  glycocoll  with  the  help  of  phosphoroxychlorid.  A 
hydrochlorate  of  peptone  results,  which  gives  all  the  character- 
istic reactions  of  protein.  By  conversion  into  sulphate  and  the 
decomposition  of  the  latter,  the  free  peptone  is  obtained  which, 
it  is  claimed  by  Lilienfeld,  is  similar  both  in  chemical  and  phys- 
iological properties  to  the  natural  product. 

It  is  evident  from  the  method  of  preparation  that  the  product 
contained  no  sulphur,  since  the  only  sulphur-containing  ingre- 
dient used  was  sulphuric  acid,  and  this  could  not  possibly  enter 
into  the  organic  preparation.     Granting  that  a  peptonoid  body 
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was  produced,  the  synthesis  of  a  true  proteid,  which  should  con- 
tain sulphur,  is  still  undemonstrated. 

The  color  reactions  which  are  supposed  to  be  characteristic  of 
protein  must  not  be  relied  on  too  surely.  They  are  probably 
due  to  decomposition,  and  not  to  the  action  of  the  molecule  as  a 
whole.  It  is  stated  by  Pickering  that  a  mixture  of  tyrosin, 
iadol,  and  biuret  will  give  all  the  reactions  characteristic  of  a 
proteid.  If  the  prospects  of  artificial  food  depended  on  these 
so-called  synthetic  products,  the  vocation  of  the  geoponist  would 
be  assured  for  many  millions  of  years  to  come. 

PAPERS  BY  AMERICAN  CHEMISTS. 

There  were  only  a  few  papers  presented  by  American  chem- 
ists. Dr.  Wiechmann  read  a  paper  on  **  The  Crystallization  of 
Amorphous  Saccharose."  It  was  shown  that  the  presence  of 
invert  sugar,  the  intensity  of  light,  and,  in  an  indirect  manner, 
the  presence  of  certain  inorganic  salts,  influenced  the  beginning 
and  progress  of  crystallization.  As  a  result  of  the  investigation, 
it  was  established  : 

1.  That  the  crystallization  of  amorphous  sucrose  is  to  be 
ascribed  to  the  presence  of  crystals  of  ordinary  sucrose  which 
are  contained  in  the  melt. 

2.  The  change  of  amorphous  into  crystallizable  sucrose  is 
hindered  by  the  presence  of  invert  sugar,  and  the  retardation  is 
proportional  to  the  amount  present. 

3.  Inorganic  salts  and  certain  other  bodies  do  not,  of  them- 
selves, tend  to  produce  crystallization  of  the  amorphous  sucrose. 

4.  Alkaline  salts  which  tend  to  prevent  the  inversion  of 
sucrose,  and  thus  keep  the  proportion  of  invert  sugar  down, 
favor  a  condition  which  results  in  the  more  rapid  crystallization 
of  the  amorphous  sucrose. 

5.  Light,  or  the  energy  produced  thereby,  favors  the  crystalli- 
zation. 

In  introducing  the  paper  the  author  referred  to  his  previous 
publication  on  the  subject,  in  which  the  methods  of  preparing 
amorphous  sucrose  were  described. 

Dr.  Wyatt's  paper  on  **  American  Methods  of  Fermentation'* 
was  listened  to  with  great  interest,  especially  by  those  who  sup- 
posed that  no  information  on  this  theme  could  come  from 
America. 

Dr.  Wyatt  divided  the  subject  of  fermentation  into  two  classes; 
^.,  sugars  readily  fermentable,  and  sugars  and  non-sugars 
which  do  not  readily  ferment  or  which  are  necessary  to  give 
roundness  or  mellowness  to  beer.  If  the  sugars  of  these  two 
classes  really  exist  as  separate  compounds,  they  may  be  regarded 
as  malto-dextrin.  In  addition  to  these  the  brewer  must  also  con- 
sider the  dextrins  which  are  quite  unfermentable,  and  yet  which 
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give  body  to  beer.  The  free  acidity  of  beers  is  due  chiefly  to 
phosphoric  and  lactic  acids.  A  barrel  of  beer  of  ordinary  com- 
position weighs  171  pounds  and  contains  35.4  pounds  of  solid 
matter.  The  total  free  acid  estimated,  as  lactic  acid  in  a  barrel 
of  beer  is  •>.4o6  of  a  pound,  or  0.15  per  cent.  Normal  beer 
yeasts  require  slightly  acid  pabulum,  while  the  foreign  organ- 
isms found  in  breweries,  and  which  cause  so  much  trouble, 
flourish  best  in  neutral  or  alkaline  fluids.  Acidity  also  causes 
various  types  of  albumens  to  remain  in  solution  in  the  beers. 
The  poor  flavor  characteristic  of  pasteurized  beers  is  mainly  at- 
tributable to  their  lack  of  acidity.  The  mineral  matters  in  beer 
are  chiefly  phosphates,  together  with  some  sulphates  or  chlo- 
rides. All  the  acids  are  chiefly  in  combination  with  potassium 
and  lime.  The  nitrogenous  bodies  which  are  in  solution  in  beer 
belong  to  the  classes  of  albumoses,  peptones,  and  amids.  As 
the  temperature  of  beer  decreases,  portions  of  these  bodies  tend 
to  be  precipitated,  and  thus  a  beer  which  is  brilliant  at  a  tem- 
perature of  50**  will  become  cloudy  if  the  temperature  is  decreased. 
It  is  important,  therefore,  in  the  storage  of  beers,  that  they  be 
kept  at  a  low  temperature  long  enough  to  secure  a  complete  pre- 
cipitation of  these  bodies.  The  necessity  for  a  longer  cold  stor- 
age of  the  beers  is  not  easily  established,  and  the  prevailing 
opinion  that  they  should  be  kept  for  a  much  longer  period  is 
probably  erroneous. 

Dr.  Wiley's  paper  on  *'  The  Influence  of  Temperature  on  the 
vSpecific  Rotation  of  Sucrose**  was  discussed  at  length  by 
Drs.  Herzfeld  and  von  Lippmann.  The  methods  of  research 
employed  were  described  in  detail,  and  all  the  disturbing  forces 
discussed  and  the  degree  of  disturbance  determined  for  each.  It 
was  shown  that  on  using  a  compensating  quartz  wedge  to  deter- 
mine the  degree  of  the  rotation  the  temperature  influenced  the 
results  obtained  in  the  following  ways  : 

1 .  It  causes  a  change  in  the  rotatory  power  of  the  quartz 
wedge,  this  power  increasing  with  a  rising  temperature.  From 
this  it  follows  that  a  less  thickness  of  the  wedge  is  necessary  to 
produce  a  given  compensation  at  a  high  temperature. 

2.  The  volume  of  the  flask  increases  with  a  rising  tempera- 
ture, and  hence  the  volume  of  the  solution  is  greater  as  the  tem- 
perature rises. 

3.  The  weight  of  water  in  a  given  volume  decreases  as  the 
temperature  rises,  and  hence  arise  differences  in  the  concentra- 
tion of  the  solution. 

4.  The  length  of  the  observation  tube  increases  with  a  rising 
temperature. 

5.  The  degree  of  concentration  of  the  solution  affects  its  spe- 
cific rotatory  power. 
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6.  Any  variations  in  specific  rotatory  power,  which  are  observed 
after  introducing  the  correction  for  the  disturbances  above  noted, 
must  be  due  to  direct  effect  of  the  change  of  temperature  on  the 
specific  rotatory  power. 

7.  Making  the  corrections  noted,  it  was  found  that  the  specific 
rotatory  power  of  pure  sucrose  at  different  temperatures  is  as  fol- 
lows I 

At  4'  a  D  =  66.653^ 

-17.5^-  =  66.547^ 
-40**      **  =  66.340^ 

In  his  paper  on  '  *  The  Composition  of  Indian  Corn  and  Its 
Chief  Products/*  Dr.  Wiley  discussed  the  problem  of  the  eco- 
nomic use  of  maize  as  food  for  man  and  beast.  The  composition 
of  all  parts  of  the  plant  was  given  from  the  latest  analyses,  chiefly 
those  of  the  Chemical  Division  of  the  Department  of  Agricul- 
ture. Statistics  were  given,  showing  the  magnitude  and  value 
of  the  crop  in  the  United  States.  The  extended  use  of  maiz^  as 
human  food  iu  the  United  States  was  referred  to,  and  especially 
the  fact  that  the  hard  labor  of  the  southern  part  of  the  country 
was  done  chiefly  on  a  diet  of  maize  bread. 

The  utilization  of  the  maize  stalks  as  a  cattle  food,  and  of  the 
pith  as  a  packing  for  coffer-dams  of  battleships  and  for  other 
purposes,  was  discussed.  The  employment  of  maize  as  a  source 
of  starch,  glucose,  alcohol,  and  whisky  was  described.  The 
chief  object  of  the  paper  was  to  call  the  attention  of  European 
scientists  to  the  value  of  maize  for  the  purposes  mentioned,  and 
to  show  the  groundlessness  of  the  prevalent  notion  in  Europe 
that  it  is  unfit  for  European  consumption.  At  the  close  of  the 
paper  the  prevailing  opinion  in  Europe  concerning  maize  was 
pointedly  brought  out  by  the  following  question  :  *'  Is  it  true 
that  maize  is  actually  used  in  your  country  for  bread-making 
without  admixture  with  the  flour  of  some  other  cereal?" 

The  poor  opinion  which  Europeans  have  of  the  character  of 
maize  bread  arises  partly  from  ignorance,  and  partly  from  the 
fact  that  European  maize  lacks  that  delicacy  of  flavor  and  rich- 
ness of  taste  which  belong  to  the  American  article.  Further 
than  this,  it  may  be  mentioned  that  maize  bears,  very  poorly, 
transportation  across  the  sea,  and  therefore  the  imported  maize 
or  maize  flour  often  makes  a  very  unpalatable  bread.  A  method 
of  transporting  the  maize  and  preserving  it  entirely  fresh  at  the 
same  time  will  do  much  to  remove  the  unreasonable  prejudice 
prevalent  in  Europe  against  maize  as  a  human  food. 

ATTENDANCE. 

According  to  the  report  of  the  general  secretary.  Dr.  Stroh- 
mer,  read  at  the  final  general  session,  the  membership  of  the 
congress  exceeded  1,700.     The  actual  attendance,  however,  fell 
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far  short  of  this  number.  A  great  many  chemists  who  took 
membership  tickets  did  not  attend  the  congress.  No  list  of 
members  actually  present  was  published,  and  therefore  only  an 
estimate  not  very  reliable  can  be  made.  Such  an  estimate  would 
place  the  actual  members  in  attendance  at  about  800. 

The  organizers  of  this  congress  should  have  attended  a  meet- 
ing of  the  American  Association  for  the  Advancement  of  Science 
before  the  opening  of  the  Vienna  congress.  There  was  no 
official  program  of  papers  nor  list  of  members  published.  This 
part  of  the  work  was  committed  to  the  publishers  of  the  Oester- 
reichische  Chemiker-Zeitung ,  The  result  was  that  no  one 
could  find  out,  except  by  an  accidental  meeting,  who  were  in 
actual  attendance.  No  attempt  was  made  to  give  the  city 
address  of  those  present,  and  therefore,  except  by  the  aid  of  the 
police,  the  search  for  a  friend  was  hopeless.  These  facts  are  not 
stated  as  a  carping  criticism  of  the  management.  On  the  con- 
trary, the  local  committee  displayed  the  most  commendable  zeal 
n  its  efforts  to  entertain  and  oblige  visiting  members.  About 
thirty  American  chemists  had  taken  membership  tickets  in  the 
congress,  but  only  the  following  Americans  were  actually  pres- 
ent at  the  meetings  :  Prof.  W.  B.  Rising,  delegate  from  the  Uni- 
versity of  California  ;  Dr.  J.  M.  Flint,  delegate  from  the  Navy 
Department ;  Dr.  H.  W.  Wiley,  delegate  from  the  Department 
of  State,  the  Department  of  Agriculture,  and  from  the  American 
Chemical  Society  ;  Dr.  t'rancis  Wyatt,  of  New  York ;  Dr.  F. 
G.  Wiechmann,  of  New  York  ;  Mr.  Waldron  Shapleigh  and  Mr. 
H.  C.  Watts,  of  Philadelphia  ;  and  Mr.  M.  Ikuta,  of  the  Uni- 
versity of  Chicago. 

Of  other  foreign  countries,  France  had  the  largest  representa- 
tion, the  French  group  consisting  of  about  sixty  persons.  The 
Germans,  strange  to  say,  were  no  more  numerous  than  the 
French.  Next  in  numbers  came  the  Russian  contingent,  while 
from  the  other  continental  nations  only  a  few  representatives 
were  present.  As  was  the  case  at  Paris,  England  had  no  repre- 
sentative. The  abstention  of  the  English  chemists  from  these  con- 
gresses is  somewhat  surprising.  Greece  was  not  without  a  del* 
egate,  and  it  seems  somewhat  strange  to  hear  a  fellow  country- 
man of  Homer  and  Socrates  discussing  the  relative  merits 
of  the  several  varieties  of  sugar-beets. 

PLACE  OF  NEXT  MEETING. 

There  was  practically  no  opposition  to  the  invitation  received 
from  the  French  delegates  to  hold  the  fourth  congress  in  Paris. 
The  Germans,  however,  have  a  tacit  expression  of  preference 
for  the  congress  to  go  to  Berlin  in  1902.  Since  all  the  world  will 
make  a  pilgrimage  to  Paris  in  1900,  it  was  almost  the  unani- 
mous opinion  of  the  delegates  that  it  would  not  be  wise  to 
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attempt  to  hold  the  next  meeting  in  any  other  city.  In  view  of 
the  fact  that  there  will  doubtless  be  a  large  attendance  of  Amer- 
ican chemists  at  Paris  in  1900,  the  suggestion  of  the  propriety 
of  arranging  for  their  entertainment  ma}'  not  be  amiss.  If  300 
members,  or  even  a  less  number,  of  the  society  propose  to  attend 
this  congress,  it  would  be  conducive  to  economy  and  comfort  to 
arrange  for  quarters  in  advance.  It  is  therefore  suggested  that 
those  proposing  to  attend  take  concerted  action  for  the 
purpose  of  securing  proper  accommodations.  A  Congress- 
Chemical- Exposition  Club  would,  if  strong  enough  in  numbers, 
be  able  to  secure  great  economy  in  transportation  and  entertain- 
ment. 

PERMANENT  COMMITTEE. 

Heretofore  each  congress  has  been  an  independent  body  with 
a  life  of  its  own  which  has  expired  with  the  final  adjournment. 
It  was  deemed  wise  at  Vienna  to  make  the  congress  a  continu- 
ous body,  remaining  under  the  constant  control  of  delegates 
from  all  represented  countries.  Dr.  Ritter  von  Grueber  proposed, 
therefore,  at  the  final  session,  that  such  a  committee  be  formed, 
and  this  proposal  was  unanimously  approved.  Some  of  the 
members  of  the  committee  appointed  at  this  session  are  named 
below  : 

President :  Prof.  Moissan,  of  Paris ;  America  :  Doremus, 
Rising,  Wiechmann,  and  Wiley  ;  Austria-Hungary  :  Meissl, 
Strohmer,  and  von  Perger ;  Belgium :  Masson  ;  Denmark  : 
Kjeldahl ;  England  :  Procter  ;  France  :  Berthelot,  D^h^rain, 
Dupont,  Lasne,  Lindet,  and  Pellet ;  Germany :  Delbriick, 
Fischer,  Herzfeld,  and  Von  Grueber;  Italy:  Piutti  and  Ver- 
drodi. 

The  representatives  from  other  countries  will  be  appointed 
later  by  the  president  of  the  committee  on  suggestions  from  lead- 
ing chemists  and  associations  of  the  countries  interested.  The 
committee  also  has  power  to  add  to  its  members  in  the  countries 
above  named. 

SECOND    MEETING    OP    THE    INTERNATIONAL    COMMISSION    ON 
UNIFORM  METHODS  OF  SUGAR  ANALYSIS. 

This  meeting  was  held  on  July  31st,  in  the  hall  of  the  Central 
Association  of  the  Beet-sugar  Union  of  the  Austro-Hungarian 
Monarchy.  The  chairman  of  the  committee,  Prof.  Dr.  Herzfeld, 
presided.  In  all  about  thirty  members  were  present,  among 
whom  may  be  mentioned  Messrs.  Dupont  and  Weisberg,  of 
France  ;  Strohmer  and  Stift,  of  Austria ;  Weinstein,  Thiele, 
Miiller,  and  Huck,  of  Germany  ;  Van  Ekenstein,  of  Holland  ; 
Nasini,  of  Italy  ;  and  Wiechmann  and  Wiley,  of  America. 

The  chairman' of  the  committee  gave  a  detailed  account  of  the 
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origin  of  the  committee  and  its  first  meeting,  which  was  held  in 
Hamburg.  He  noted  with  pleasure  that  in  almost  all  countries 
which  are  interested  in  the  sugar  industry  a  desire  had  been 
shown  to  take  part  in  the  labors  of  the  commission.  Only  Hng- 
lish  chemists  have  refrained  from  taking  any  part  in  the  work  of 
the  committee. 

Afterwards  the  chairman  gave  a  detailed  account  of  the  inter- 
national testing  of  quartz  plates.  Twenty  different  plates  had 
been  sent  to  chemists  in  different  parts  of  the  world.  The  re- 
turns were  rather  incomplete,  only  seven  chemists  outside  of  the 
laboratory  in  Berlin  having  reported  results.  The  results  as  far 
as  reported  show  quite  a  remarkable  agreement,  in  general,  in 
the  values  obtained.  In  some  instances,  however,  considerable 
variations  were  noted.  The  chairman  stated  that  the  work 
would  be  continued  during  the  coming  two  years  with  more 
care,  and,  if  possible,  with  a  greater  number  of  chemists.  He 
urged  all  those  who  received  the  plates  for  trial  to  complete 
their  trials  as  soon  as  possible,  so  that  the  plates  might  be  for- 
warded to  the  next  person.  In  this  way  a  great  deal  of  time 
could  be  saved.  The  importance  of  temperature  in  the  observa- 
tions was  referred  to,  especially  in  the  light  of  the  paper  read  by 
Dr.  Wiley  before  the  congress,  showing  the  great  variations  in 
polarization  in  quartz  plates  in  sugar  solutions  produced  by 
variations  in  temperature.  The  importance  of  securing  quartz 
plates  in  some  way  so  that  changes  of  temperature  would  not 
subject  them  to  pressure,  was  fully  discussed.  Dr.  Wiley  called 
attention  to  the  fact  that  the  quartz  wedges  in  compensating 
instruments  were  subject  to  the  same  influences,  and  therefore 
that  they  should  be  mounted  in  the  same  way  as  the  quartz 
plates  to  avoid  pressure  by  changes  of  temperature. 

A  general  agreement  was  made  to  the  proposition  to  substi- 
tute for  all  the  different  flasks  in  use  a  true  decimal  flask  hold- 
ing exactly  loo  cc.  To  avoid  expensive  changes  in  polariscopes 
already  in  use,  it  was  decided  advisable  to  change .  normal 
weights  of  sugar  employed  in  polarization  to  correspond  to  the 
flask.  For  the  ordinary  instruments,  in  which  the  normal 
weight  for  the  Mohr  flask  is  26.048,  the  normal  weight  for  the 
true  flask  is  almost  exactly  twenty-six  grams.  For  industrial 
purposes  it  was  decided  that  it  was  not  advisable  to  practice  the 
inversion  method  of  polarization  with  raw  sugars.  The  slight 
errors  which  are  introduced  into  polarization  by  the  invert  sugar 
are  partly  compensated  for  by  the  volume  of  the  lead  precipitate. 
As  quickness  of  work  is  important  in  commercial  operations,  the 
introduction  of  the  inversion  method  would  be  more  objectiona- 
ble than  the  slight  errors  which  result  from  the  single  polariza- 
tion.    The  use  of  animal  charcoal  for  clarifying  sugar  solutions 
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was  condemned  on  general  principles,  on  account  of  its  high 
absorptive  power  for  sugar. 

The  importance  of  introducing  uniform  methods  of  examina- 
tion in  all  countries  was  unanimously  acknowledged,  but  it  was 
also  stated  that  an  attempt  of  this  kind  would  be  attended  with 
serious  obstacles  and  could  only  be  accomplished  gradually.  It 
was  voted  that  the  chairman,  with  the  aid  of  the  members  of  the 
commission,  prepare  a  comprehensive  review  of  the  analytical 
methods  used  in  various  countries,  as  well  as  of  the  regulations 
which  are  followed  in  checking  disagreeing  analyses.  This 
compilation  of  methods  is  to  be  used  by  the  committee  in  a  final 
report  on  a  uniform  international  method  of  working. 

Ezcursions  and  Scientific  Visits. 

Numerous  excursions  to  points  of  general  and  scientific  inter- 
est were  offered  to  the  congressists. 

IMPERIAL  JUBILEE    EXPOSITION. 

Special  entrance  cards  at  a  reduced  rate  were  offered  to  mem- 
bers to  visit  the  Imperial  Jubilee  Exposition  located  in  the 
Prater.  This  exposition  is  held  in  honor  of  the  fiftieth  year  of 
the  reign  of  the  Emperor  Francis  Joseph  I.  The  buildings  are 
situated  in  a  pleasant  part  of  the  Prater,  and  are  well  placed  and 
built  with  fine  architectural  effect.  The  exposition  itself  pos- 
sesses the  salient  features  of  modern  affairs.  During  the  day, 
and  especially  in  the  evening,  excellent  bands  and  orchestras 
provide  delightful  music,  which  is  given  under  cover  in  inclem- 
ent weather.  The  formal  visit  of  the  congress  to  this  exposi- 
tion took,  place  on  Sunday  afternoon,  July  31st. 

EXHIBITION  OF  ALCHEMIC  MEDALS,  ETC. 

The  most  interesting  collection  of  objects  relating  to  alchemy 
was  opened  to  the  congressists  free  of  charge  on  Wednesday, 
Jnly  27th,  and  Saturday,  July  30th.  This  collection  is  the 
property  of  the  Imperial  family,  and  was  kindly  lent  by  the 
Emperor  especially  for  the  entertainment  of  the  members  of  the 
congress.  That  Vienna  was  one  of  the  centers  of  alchemy,  was 
shown  by  the  address  of  Prof.  Bauer. 

EXCURSION  TO  KAHLENBERG. 

On  the  afternoon  of  Friday,  July  29th,  the  excursion  to  Kahl- 
enberg  took  place.  From  this  renowned  overlook  hill  the  city 
of  Vienna  may  be  seen  in  all  its  beauty.  In  the  words  of  the 
late  Crown  Prince  Rudolf,  *  *  This  Imperial  capital  city,  with  its 
magnificent  buildings,  the  old  Stephan's  Dom,  index  of  centu- 
ries of  greatness,  in  their  center,  situated  on  the  majestic 
Danube,  surrounded  with   a  wreath  of  attractive  mountains, 
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vine-clad  hills,  and  waving  forests,  so  beautiful,  so  rich  in  past 
honors,  and  still  so  young  and  blooming,  is  a  picture  such  as  no 
other  metropolis  in  the  world  can  present.** 

On  the  plateau  of  the  Kahlenberg  Hotel  a  dainty  luncheon 
was  served,  enlivened  by  a  well-trained  quartette  of  Old  Vienna 
singers.  Unfortunately  a  thunder  storm  coming  on  later  in  the 
evening  brought  to  a  hurried  close  an  otherwise  most  delightful 
occasion. 

VISIT  TO  THE  WINE  CELLARS  IN  KLOSTERNEUBERG. 

By  invitation  of  Prof.  Dr.  Roessler,  the  congressists  had  an 
opportunity  to  visit  the  celebrated  Stifftkellers  in  Klosterneu- 
berg  on  July  30th.  After  spending  the  afternoon  in  studying 
the  various  processes  of  wine  manufacture  and  visiting  the  cel- 
lars, the  members  were  entertained  with  *'  eine  gessellige  Zusam- 
menkunft  im  Stifftshank,**  which  was  most  thoroughly  enjoyed. 

VISIT  TO  THE  GAS  WORKS. 

After  the  formal  visit  to  the  exposition  on  Sunday,  those 
members  who  desired  to  go  were  driven  to  the  city  gas  works  in 
Bezirk  Semmering,  where  the  methods  pf  supplying  the  city 
with  gas  were  explained  in  detail. 

VISIT  TO  THE  SEED  CONTROL  STATION. 

Members  interested  in  testing  the  purity  and  vitality  of  seeds 
were  given  an  opportunity  to  visit  the  Agricultural-botanical 
Experiment  Station  on  Monday,  August  ist.  The  director  of 
the  station,  Dr.  Weinzierl,  conducted  the  visitors  through  the 
various  laboratories,  and  explained  the  methods  of  determining 
the  purity  and  vitality  of  seeds. 

VISIT  TO  THE  IMPERIAL  OPERA  HOUSE. 

All  delegates  from  foreign  countries  were  invited  to  occupy 
stalls  at  the  Imperial  Opera  House  on  the  evening  of  August 
2nd.  The  representation  of  **  The  Bride  of  Corea,**  a  grand 
ballet  with  numerous  tableaus  descriptive  of  Corean  life,  was 
given  with  an  artistic  perfection  which  exacted  the  greatest 
enthusiasm.  The  Americans  especially  enjoyed  the  tableaus  of 
the  great  naval  fight  between  the  Chinese  and  Japanese,  which 
were  given  with  great  effect. 

EXCURSION  TO  SEMMERING. 

The  official  excursions  connected  with  the  congress  were 
brought  to  a  close  on  Wednesday,  August  3rd,  by  a  visit  to  the 
Austrian  Vorderalpen  at  Semmering.  The  distance  of  the 
Semmering  from  Vienna  is  about  seventy  miles,  and  the  trip 
was  made  through  a  most  pleasing  valley  and  over  a  gentle,  but 
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continuous,  acclivity.  The  altitude  of  the  hotel  which  over- 
looks the  collection  of  mountains  and  valleys  constituting  the 
Semmering  is  1,200  meters.  A  clear  sky  and  medium  tempera- 
ture served  to  make  the  day  more  agreeable  and  the  views  more 
distinct.  From  the  hotel  the  Schneeberg,  which  is  the  source 
of  the  Vienna  water  supply,  is  plainly  seen.  The  melting  snow, 
which  is  the  source  of  the  water  supply  in  summer,  insures  to 
Vienna  an  inexhaustible  supply  of  cold,  clear,  and  pure  water, 
quite  in  contrast  with  that  supplied  to  many  other  European 
cities.  After  spending  the  day  in  strolling  over  the  shady  paths 
and  sitting  in  the  shade,  and  admiring  the  landscape  in  ever- 
changing  lights,  the  congressists  assembled  at  5  p.m.  on  the 
terrace  of  the  hotel  for  a  final  banquet.  After  the  dinner  was 
served,  a  number  of  farewell  addresses  was  made.  The  Ameri- 
can delegate,  in  thanking  the  organizing  committee  for  the 
many  courtesies  which  he  and  his  colleagues  had  received, 
expressed  the  hope  that  at  no  distant  day  an  opportunity  might 
be  given  to  American  chemists  to  reciprocate  the  favors  which 
they  had  enjoyed.  He  feared  that  a  summer  meeting  of  the 
congress  in  Washington  would  not  develop  a  need  for  overcoats, 
but  ventured  to  prophesy  that  the  reception  which  foreigners 
would  receive  would  be  at  least  as  warm  as  the  weather.  He 
would  undertake  to  at  least  ask  the  Secretary  of  the  Navy  to 
supply  a  magnificent  transport  to  convey  foreign  delegates  across 
the  water,  where  the  cementation  of  international  friendship 
would  be  made  stronger.  Chemistry,  which  had  made  war  so 
destructive,  was  destined,  in  the  end,  to  secure  universal  peace 
and  good  will. 

Banquets  and  Receptions. 

In  addition  to  the  excursions  and  visits  which  have  already  ' 
been  described,  a  number  of  luncheons,  banquets,  and  recep- 
tions were  offered  either  to  all  or  to  certain  groups  of  members. 
The  most  elegant  and  numerously  attended  of  these  was  given 
by  the  Burgomaster  of  Vienna,  Dr.  Lueger,  at  the  Rathhaus,  on 
Friday,  July  29th,  from  12  to  2  p.m.  At  the  opening  session  of 
the  congress,  Dr.  Lueger  gave  the  following  cordial  invitation  to 
the  congress  to  accept  the  official  hospitality  of  the  city  of 
Vienna : 

**  Permit  me,  honored  sirs,  as  mayor  of  the  City  of  Vienna,  to 
extend  to  you  a  most  cordial  greeting.  Permit  me,  first  of  all, 
to  thank  you  for  having  Vienna  as  the  place  of  your  meeting. 
The  commonwealth  of  Vienna  will  follow  your  deliberations  and 
conclusions  with  the  greatest  attentiveness.  Chemistry  has 
become  necessary  to  every  step  of  public  life.  If  we  want  to 
know  whether  water  is  good  or  not,  we  must  ask  the  chemist. 
If  we  want  to  know  whether  what  is  bought  as  human  food  is 
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wholesome  or  not,  we  must  ask  the  chemist.  When  we  wish 
to  know  whether  a  given  soil  is  fit  for  this  or  that  purpose,  we 
must  ask  the  chemist.  Therefore  it  is  of  the  highest  advantage 
to  us  that  these  gentlemen  who  devote  their  studies  to  applied 
chemistry  have  chosen  to  meet  here.  You  will  now  permit  me 
to  repeat  orally  the  already  published  invitation  from  the  Com- 
mon Council  and  Aldermen  of  Vienna  to  visit  the  City  Hall 
to-morrow  to  break  off  for  an  hour  or  two  from  your  scientific 
duties,  in  order  to  enjoy  a  lively  reunion.  Such  interruptions  of 
scientific  efforts,  as  each  one  knows,  serve  to  strengthen  the 
mind  in  a  most  marked  manner,  and  are  absolutely  necessary  to 
reach  happy  and  successful  conclusions.  I  hope  that  to-morrow 
I  shall  be  permitted  to  welcome  all  the  chemists  of  the  whole 
earth  at  the  City  Hall.  It  is  understood  that  I  also  will  greet 
with  great  pleasure  the  chemists  of  the  gentler  sex.  Allow  me 
to  close  with  the  wish  that  the  results  attained  by  you  shall 
meet  with  full  and  complete  success,  and  that,  contended  with 
the  end  of  your  labors,  you  may  have  a  happy  return  to  your 
homes.  Again,  in  the  name  of  the  city  of  Vienna,  I  greet  you.'* 
At  noon  the  members  of  the  congress  assembled  in  the  recep- 
tion room  of  the  Rathhaus,  and  for  once  the  '*  chemists  of  the 
gentler  sex'*  attended  in  great  numbers.  An  hour  was  spent  in 
visiting  the  paintings  and  collections  in  the  various  halls  of  the 
building.  The  members  and  their  women  friends  then  gathered 
in  the  dining-room,  where  they  were  again  cordially  welcomed 
by  Dr.  Lueger,  and  proceeded  to  act  on  his  suggestion  to  hold  a 
**  lively  meeting.*'  Most  convincing  proofs  were  forthcoming 
to  show  that  the  Burgomaster  had  indulged  in  no  empty  phrases 
in  extending  the  city*s  hospitality.  So  lively  had  the  meeting 
become  that  it  was  with  great  difficulty  that  the  postprandial 
orators  could  make  themselves  heard.  At  the  close  of  the  ban- 
quet the  members  assembled  in  front  of  the  Rathhaus,  and  a 
photograph  of  the  party  was  made. 

DINNER  GIVEN  TO  THE  FRENCH  GROUP. 

On  Friday  evening,  July  29th,  Mr.  Maurice  Deutsch  gave  a 
dinner  in  Sacher's  Garden  to  the  French  members,  to  which  vour 
delegate  had  the  honor  of  being  invited.  The  elegant  dining- 
room  of  this  famous  restaurant  was  beautifully  decorated,  and  a 
dinner  of  the  highest  artistic  and  gastronomic  perfection  was 
served.  After-dinner  addresses  were  made  by  Messrs.  Deutsch, 
Moissan,  and  Wiley.  Sixty  guests  enjoyed  Mr.  Deutsch's  cor- 
dial hospitality. 

DINNER  GIVEN  TO  THE    INTERNATIONAL    COMMITTEE    ON  THE 
UNIFICATION  OF  METHODS  OF  SUGAR   ANALYSIS. 

The  Austrian  Society  of  Beet-sugar  Industry  gave  a  dinner  at 
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the  Hotel  Bristol,  on  Monday,  August  ist,  to  the  members  of 
the  International  Committee  on  the  Unification  of  Methods  of 
Sagar  Analysis.  Thirty  guests  were  present.  Dr.  Herzfeld, 
the  president  of  the  committee,  occupied  the  seat  of  honor  at  the 
right  of  Director  Strohmer,  who  presided  at  the  dinner.  After 
the  coffee  was  brought  on,  Dr.  Herzfeld  spoke  of  the  work 
already  done  by  the  committee,  and  of  the  aims  it  had  in  view. 
The  discussion  was  continued  at  great  length  by  other  members, 
and  the  meeting  adjourned  at  midnight  with  a  sense  of  having 
accomplished  a  great  deal  of  good  work  in  conjunction  with  a 
most  delightful  social  occasion.  "^^ 

OFFICIAL  BANQUET.  "^ 

The  banquet  given  by  the  congress  to  the  delegates  from  for- 
eign countries  was  held  on  Sunday  evening,  July  31st,  in  the 
restaurant  in  the  Volksgarten.  It  was  at  first  intended  to  have 
the  tables  in  the  open  garden,  but  the  weather  having  become 
very  cold  compelled  the  removal  of  the  tables,  at  the  last  moment, 
to  the  circular  dining-hall  surrounding  the  court  of  the  restau- 
rant. The  presiding  officer  was  the  minister  of  commerce,  the 
president  of  honor  and  the  acting  president  sitting  at  his  right 
and  left.  The  vice-presidents  and  delegates  from  foreign  coun- 
tries sat  to  the  right  and  left  of  the  two  presidents.  The  ban- 
quet was  followed  by  after-dinner  speeches  by  the  presiding  offi- 
cers and  delegates  from  foreign  countries. 

Chemical  Laboratories  is  Vienna. 

All  the  chemical  laboratories  of  Vienna  were  thrown  open  to 
the  congressists,  but  no  formal  visits  were  made  thereto.  The 
members,  singly  or  in  groups,  visited  the  laboratories  at  such 
hours  as  proved  to  be  the  most  convenient. 

THE  UNIVERSITY  LABORATORIES. 

There  are  three  distinct  chemical  laboratories  connected  with 
the  university..  The  first  laboratory  occupies  the  most  of  the 
parterre  of  the  Chemical  Institute,  No.  10  Wahringerstrasse. 
It  contains  working  desks  for  seventy  students  and  for  twenty- 
one  advanced  students  and  assistants.  The  professors  and 
assistant  professors  occupy  six  smaller  halls.  There  are  two 
balance  rooms,  but  only  thirteen  balances  for  all  the  students. 
The  number  of  students  received  is  limited  to  the  desks  available, 
and  consists  of  those  students  of  the  university  who  are  candi- 
dates for  degrees  in  pharmacy  or  philosophy.  The  number  of 
papers,  theses,  etc.,  which  have  been  published  from  the  labora- 
to^  is  285.  The  director  of  the  laboratory  from  its  foundation 
to  1876  was  Hofrath  Prof.  Dr.  Franz  Karl  von  Schneider,  from 
1876  to  1890  Hofrath  Prof.  Dr.  Ludwig  Barth  von  Barthenau, 
and  the  present  director  is  Prof.  Dr.  Hugo  Weidel. 
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The  second  university  laboratory  occupies  the  whole  of  the 
first  story  of  the  Chemical  Institute,  and  contains  two  large 
working  rooms  for  beginners  and  seventy  desks  for  advanced 
students.  There  is  also  a  large  number  of  small  laboratories  for 
the  use  of  the  professors  and  assistants.  As  is  the  case  with 
the  first  laboratory,  it  contains  a  small  library,  where  the  leading 
chemical  journals  and  works  of  reference  may  be  found.  From 
this  laboratory,  since  1876,  292  original  papers  have  been  pub- 
lished.    The  present  director  is  Hofrath  Prof.  Dr.  Adolf  Lieben. 

The  third  laboratory  connected  with  the  university  is  situated 
^No.  I  University  Place.  It  is  devoted  especially  to  analytical 
•\:hemistry,  and  four  preparative  rooms  for  the  experimental  lec- 
tures. The  director  of  this  laboratory  is  Prof.  Dr.  Eduard  von 
Lippmann.  • 

The  laboratory  for  medical  chemistry  is  also  a  part  of  the  uni- 
versity system  under  the  Pathological  Institute  and  is  devoted 
especially  to  practical  medical  studies.  It  is  situated  in  the 
general  hospital  building  in  Spitalgasse.  It  is  provided  with  48 
working  desks,  and  10  for  advanced  students.  In  addition  to 
these  are  found  the  laboratories  for  the  professors  and  assist- 
ants. The  number  of  the  students  is  limited,  and  consists  exclu- 
sively of  those  who  are  candidated  for  the  degree  of  doctor  of 
medicine.  The  papers  of  the  laboratory  are  published  partly  in 
medical  and  partly  in  chemical  journals.  The  director  of  the 
laboratory  is  Hofrath  Prof.  Dr.  Ernst  Ludwig. 

LABORATORIES  OF  THE  TECHNICAL  HIGH  SCHOOL. 

The  Austrian  Technical  High  School  corresponds  to  our  Insti- 
tute of  Technology,  and  the  one  at  Vienna  is  justly  celebrated. 
There  are  five  laboratories  connected  with  this  school. 

1 .  The  laboratory  for  general  chemistry  consists  of  six  rooms 
in  the  parterre  of  the  school  building.  The  teachers  and 
advanced  students  of  this  laboratory  are  occupied  with  researches 
of  a  scientific  and  technical  nature.  The  director  of  this  labora- 
tory is  Hofrath  Prof.  Dr.  A.  Bauer. 

2.  The  first  laboratory  for  chemical  technology  of  organic  bod- 
ies is  located  on  the  court  of  the  school  building,  and  consists  of 
two  separate  halls.  The  first  has  desks  for  twenty  students, 
balance  rooms,  preparation  rooms,  etc.  The  second  has  the 
same  number  of  students'  desks,  but  is  used  for  the  advanced 
students  and  for  research.  The  director  of  this  laboratory  is 
Prof.  Dr.  Hugo  Ritter  von  Perger. 

3.  The  second  laboratory  for  chemical  technology  of  organic 
materials  is  one  of  the  largest  belonging  to  the  high  school. 
It  occupies  thirteen  rooms  in  the  middle  area  of  the  building. 
Students  of  the  third  year's  course  are  received  in  this  labora- 
tory, and  also  officers  of  the  technical  troops  (engineers,  sappers. 
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and  miners) .  The  students  are  occupied  chiefly  with  studies  in 
oni;anic  chemistry.  The  director  of  this  laboratory  is  Prof. 
Johann  Oser. 

4.  The  laboratory  for  analytical  chemistry  embraces  eleven 
rooms  on  the  first  story  of  the  school  building,  and  has  desks  for 
118  students.  The  director  of  this  laboratory  is  Prof.  Dr.  G. 
Vortmann. 

5.  The  laboratory  for  fermentation  and  bacteriology  is  the 
latest  addition  to  the  chemical  equipment  of  the  high  school.  It 
was  founded  in  1897,  and  during  its  first  year  enrolled  twenty- 
seven  students,  of  whom  two  were  foreigners.  It  is  equipped 
with  all  the  latest  apparatus  for  studying  the  phenomena  of  fer- 
mentation and  bacterial  activity.  The  director  of  this  laboratory 
is  Dr.  Lafar. 

lABORATORIES  OP  THE  IMPERIAL    HIGH  SCHOOL    FOR  AGRICUL- 
TURE. 

There  are  two  laboratories  connected  with  this  institute  : 

1.  The  laboratory  for  field  and  forest  chemical  technology  was 
opened  in  1872.  It  consists  of  a  chemical  and  fermentation- 
physiological  department,  the  latter  having  just  been  established. 
The  chemical  laboratory  embraces  two  large  halls,  each  arranged 
for  sixteen  students.  In  addition,  there  are  balance  rooms,  pho- 
tographic ateliers,  and  separate  laboratory  rooms  for  the  profes- 
sors and  assistants.  There  are  also  a  large  lectnre-room  and  a 
special  room  for  microscopic  research,  storerooms,  etc.  Only 
students  of  the  School  of  Agriculture  are  received  in  this  labor- 
atory who  have  had  at  least  three  semesters  in  the  laboratory  for 
general  chemistry.  The  program  of  studies  embraces  researches 
in  the  chemistry  of  sugar,  starch,  malt,  beer,  and  alcohol  manu- 
factures, as  well  as  in  wine-making.  The  course  lasts  for  two 
semesters.     The  director  is  Hofrath  Prof.   Dr.     Schwackhofer. 

2.  The  laboratory  for  general  and  ag^cultural  chemistry 
embraces  a  suite  of  fourteen  rooms,  desks  for  ninety-eight  stu- 
dents, laboratories  for  professors  and  assistants,  and  all  modern 
appliances  for  chemical  agricultural  studies.  The  director  is 
Prof.  Dr.  G.  Zeissel. 

CHEMICAL  LABORATORY  OF  THE   GEOLOGICAL  SURVEY. 

This  is  one  of  the  oldest  laboratories  in  Vienna,  having  been 
established  in  1849,  *' for  the  purpose. of  studying  all  kinds  of 
soils  and  rocks,  ores  and  fossils  ;  also  the  different  products  of 
the  mines  of  the  Empire."  A  long  series  of  publications  on  the 
chemical  composition  of  rocks  and  minerals,  mineral  waters,  and 
on  crystals  and  crystal  formations,  has  issued  from  this  lab- 
oratory and  been  published  chiefly  in  **  Verhandluugen  der  k.k. 
geolog.  Reichsanstalt,"  or  in  the  **Jahrbuch  der  k.k.  geolog. 
Reiclmnstalt. ' ' 
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The  laboratory  was  at  first  under  the  direction  of  Dr.  F.  Rag- 
skys,  and  after  him  came  Dr.  Karl  von  Hauer.  At  first  the 
chemists  in  this  laboratory'  had  no  official  standing,  and  only  in 
1872  were  they  recognized  as  of  equal  rank  with  the  geologists. 
Baron  Heinrich  v.  Foull,  the  late  director  of  the  institute,  was 
slain  by  the  natives  of  the  Solomon  Islands  during  a  visit  there 
in  1896.  The  present  director  is  Dr.  Konrad  v.  John,  who  has 
numerous  assistants,  most  of  them  volunteers. 

CHEMICAL  LABORATORY    OF    THE    TECHNICAL    MILITARY    COM- 
MITTEE. 

In  this  laboratory  the  government  investigations  of  explosives 
are  conducted.  Also  all  the  materials,  such  as  clothing  and  food, 
which  are  furnished  to  the  army  and  navy,  are  examined  in  this 
laboratory. 

CHEMICAL  LABORATORY  OP  THE  MILITARY   SANITARY    COMMIT- 
TEE. 

This  laboratory  was  founded  in  1854,  and  has.  for  its  chief 
purpose,  the  examination  of  drugs  and  medicines,  and  medicinal 
supplies  furnished  to  the  army  and  navy.  The  director  is  Dr. 
Florian  Kratschquer. 

IMPERIAL  GENERAL  RESEARCH  INSTITUTE  FOR  FOODS. 

This  is  one  of  the  latest  foundations  of  the  governmental  scien- 
tific institutions,  having  been  opened  on  the  ist  of  December, 
1897.  It  is  charged  with  the  official  inspection  of  the  trade  in 
all  kinds  of  foods  and  drinks  consumed  by  man.  In  addition  to 
its  official  duties,  this  institute  is  authorized  to  make  examina- 
tions of  foods  and  drinks  for  private  persons  on  the  payment  of 
fixed  fees.  This  work,  however,  may  be  refused  if  it  conflict 
with  official  duties.  The  chemists  employed  here  must  have 
diplomas  showing  that  they  are  food  experts.  The  scientific 
staff  of  the  institute  is  also  charged  by  law  to  make  researches 
in  respect  of  the  composition  and  properties  of  human  foods  and 
the  best  methods  of  studying  them.  The  director  of  the  insti- 
tute is  Dr.  Max  Grueber,  professor  of  hygiene  in  the  Vienna 
University. 

CHEMICAL  LABORATORY  OF.  THE  GENERAL  POLYCLINIC. 

The  studies  of  this  laboratory  are  directed  mainly  to  patholog- 
ical products,  serums  and  other  products  of  biological  acti^dty, 
with  special  reference  to  diagnosis  and  therapeutics.  It  has 
roomy  and  well-illuminated  quarters,  and  is  under  the  direction 
of  Dr.  Julius  Moultner,  university  professor  of  applied  medical 
chemistry. 
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THE   IMPBRIAI,  AGRICUI<TORAL    CH£MICAI«   BXPBRIMBNT   STA- 
TION. 

This  institution  is  the  head  of  all  the  agricultural  experiment 
stations  of  the  Austro-Hungarian  monarchy.  It  was  established 
in  1870,  and  now  is  located  in  commodious  quarters  -at  No.  3, 
Trannerstrasse,  in  the  Second  Bezirk.  The  first  director  of  the 
station  was  Dr.  Ignatius  Ritter  von  Moser.  From  his  death 
until  the  spring  of  1898  the  station  .was  under  the  direction  of 
Prof.  Dr.  Meissl.  In  the  spring  of  that  year  Dr.  Meissl  was 
made  emeritus  professor  and  transferred  as  advisor  and  technical 
assistant  to  the  ministry  of  agriculture.  Prof.  Dr.  Dafert  has 
jnst  been  called  to  the  directorship  of  the  station,  with  Prof.  Joh. 
P.  Wolfbauer  as  his  first  assistant.  This  laboratory  is  charged 
with  the  general  direction  of  all  the  great  problems  underlying 
agricultural  progress  ;  viz.y  researches  in  animal  and  plant  pro- 
duction, acclimatization  of  plants  and  animals,  fertilizer  control 
and  analysis,  making  chemical,  microscopical,  and  physiolog- 
ical investigations  for  the  ministerof  agriculture,  and,  under  cer- 
tain conditions,  for  private  citizens.  The  station  is  also  charged 
with  giving  advice  and  instruction  on  agricultural  subjects,  and 
with  training  of  agricultural  experts.  In  general,  this  station 
holds  the  same  relation  to  the  minister  of  agriculture  that  theDi vi- 
sions of  Botany,  Vegetable  Pathology,  Soils,  Biochemistry,  and 
Chemistry  hold  to  the  secretary  of  agriculture,  in  Washington. 
In  connection  with  the  station  a  vegetation  house  has  been  estab- 
lished at  Kornenburg  for  practical  demonstrations  in  plant  nutri- 
tion and  physiology,  similar  in  every  respect  to  the  vegetation 
house  of  the  Division  of  Chemistry,  at  Washington.  The  feed- 
ing experiments  are  conducted  -in  a  large  respiration  apparatus, 
built,  in  general,  according  to  the  Pettenkofer  plan.  Extensive 
experiments  of  a  chemical-physiological  nature  are  made  with 
calves,  cows,  sheep,  pigs,  and  even  horses.  This  institute  claims 
the  credit  of  being  the  first  to  demonstrate  beyond  question  that  the 
carbohydrates  are  the  chief  source  of  all  the  fat  of  the  animal 
organism.  Among  some  of  the  subjects  more  recently  investi- 
gated in  this  laboratory  may  be  mentioned  the  composition  and 
value  of  the  different  foods  of  the  Austro-Hungarian  monarchy, 
the  proteid  and  fatty  bodies  in  beans  of  soja  hispida  ;  the  cause 
of'the  superior  nutritive  properties  of  Alpine  hay:  the  composi- 
tion of  the  flesh  of  whole  animals  fed  under  different  systems  of 
nutrition  ;  the  critical  examination  of  the  methods  of  analysis  of 
the  different  organs  of  the  body  and  their  secretions  ;  the  influ- 
ence of  fertilization  ;  the  composition -of  field  and  garden  plants; 
and  the  chemical  and  physical  properties  of  peaty  soils.  Impor- 
tant dairy  researches  have  also  recently  been  made,-  especially  in 
respect  of  the  preparation  and  preservation  of  strong  extracts  of 


98  RBVIBW. 

rennet  on  the  condensation  and  preservation  of  milk,  and  on  the 
testing  of  milk  and  milk  products  for  purity  and  adulterations. 
Extensive  studies  have  also  been  undertaken  on  the  properties 
and  methods  of  estimation  of  the  most  important  sugars  as  related 
to  the  theor>^  and  practice  of  fermentation.  In  connection  with 
this  study  valuable  contributions  on  the  subject  of  the  relative 
fermenting  power  of  yeasts  have  been  conducted.  A  study  of 
the  composition  of  the  water  of  the  Danube  at  Vienna  for  every 
day  in  the  year  has  also  lately  been  made. 

In  addition  to  this  public  work  the  institute  is  also  authorized 
to  undertake  private  analyses  at  a  fixed  price,  the  fees  so  ob- 
tained becoming  a  part  of  the  available  funds  of  the  laboratory. 
The  number  of  these  analyses,  which  in  1877  reached  scarcely 
1,000,  amounted  in  1896  to  14,940.  To  your  delegate  this  lab- 
oratory was  naturally  the  most  interesting  of  all  those  visited, 
and  he  is  indebted  to  Director  Dafert  for  many  courtesies  attend- 
ing his  visit.  This  chemical  experiment  station  shows,  in  a 
most  convincing  manner,  the  fundamental  position  occupied  by 
chemistry  in  almost  every  problem  connected  with  agricultural 
research.  In  Europe,  more  than  in  America,  is  this  relation 
recognized,  and  there  is  scarcely  a  single  station  of  the  100 
existing  in  Europe  which  does  not  have  a  chemist  for  a  director. 
In  fact  it  is  doubtful  whether  any  agricultural  station  in  which 
the  chemical  idea  is  not  dominant  can  ever  reach  the  full  meas- 
ure of  its  usefulness,  or  study  intelligently  and  successfully  any 
of  the  really  great  problems  connected  with  agricultural  research. 
Of  how  little  relative  value  the  non-chemical  researches  are 
which  are  connected  with  agriculture  may  be  readily  seen  by 
consulting  the  personnel  of  the  European  stations.  This  fact  is 
mentioned  with  no  purpose  of  discrediting  the  work  of  entomolo- 
gists, botanists,  and  other  scientists  in  relation  to  agricultural 
development,  but  only  to  recall  to  the  thinking  public  the  very 
foundation  ojf  agricultural  science,  which  relates  first  of  all  to  the 
productivity  of  the  soil.  The  fertility  of  the  fields  is  the  first 
great  need  of  agriculture.  After  that  come  the  development  of 
domestic  animals,  the  study  of  their  diseases,  and  the  study  of 
the  adaptability  of  plants  and  the  habits  of  useful  and  injurious 
insects. 

PHOTOCHEMIC  LABORATORY. 

The  chemistry  of  printing  with  light  is  studied  in  a  laboratory 
connected  with  the  Imperial  Graphic  Teaching  and  Experiment 
Station  founded  in  the  year  1888.  This  laboratory  consists, 
first,  of  a  section  for  teaching  the  theor}'  of  photography  and 
graphic  reproduction  ;  second,  of  a  section  for  teaching  the 
theory  and  practice  of  illustrating  books  and  periodicals  ;  third, 
an  experiment  station  for  photochemistry  and  photo-printing ; 
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fourth,  a  museum  containing  collections  illustrating  all  the  sub- 
jects of  study  and  apparatus  for  producing  them.  The  director 
of  the  institute  is  Regierungsrath  Prof.  Dr.  Josef  Maria  Eder, 
professor  in  the  Technical  High  School.  The  staff  consists  of 
five  professors,  four  special  teachers,  two  assistant  teachers,  one 
privat  decent,  and  numerous  helpers. 

CHEMICAL  LABORATORY  OF  THE  ART  SCHOOL  OF  THE  IMPERIAL 

MUSEUM  FOR  ART  AND  INDUSTRY. 

The  laboratory  was  established  in  1877  ^^^  the  study  of  glass, 
porcelain,  and  enamels.  In  1888  it  was  transferred  to  the  minis- 
try of  religion  and  education,  and  enlarged  to  embrace  all  sub- 
jects of  artistic  manufacture.  Instruction  and  practice  are  given 
on  the  materials,  means,  and  methods  of  artistic  work.  The 
chief  subjects  of  study,  however,  remain  those  for  the  investiga- 
tion of  which  the  institution  was  originally  founded.  The  direc- 
tor of  the  laboratory  is  Prof.  Dr.  Friedrich  Linke. 

TECHNICAL-CHEMICAL  LABORATORY  FOR  THE  LEATHER  INDUS- 
TRY. 

The  object  of  this  laboratory  is  the  promotion  of  the  leather 
industry  by  scientific  researches.  The  technical  part  of  the 
work  has  for  its  object  the  conversion,  into  practical  use,  of  the 
purely  scientific  studies.  The  laboratory  was  opened  in  1874 
by  the  minister  of  commerce.  It  contains  a  physical,  a  chem- 
ical, and  a  bacteriological  laboratory,  and  a  large  special  library 
of  all  principal  works  relating  to  leather,  its  preparation  and 
uses.  In  1882  the  institute  was  transferred  to  the  ministry  of 
education.  Since  then  a  special  course  in  instruction  in  the 
theory  and  practice  of  leather  production  has  been  organized  for 
advanced  students  and  technical  workers.  The  director  of  the 
institute  is  Regierungsrath  Prof.  Dr.  Wilhelm  Eitner. 

CHEMICAL-TECHNICAL  EXPERIMENT  STATION  OF  THE  CENTRAL 

SOCIETY  FOR  SUGAR  INDUSTRY. 

Next  to  the  agricultural  chemical  experiment  station,  this 
laboratory  had  the  greatest  interest  for  your  delegate,  and  it  was 
the  only  one  to  which  he  had  time  to  make  a  second  visit.  It  is 
under  the  direction  of  Prof.  Dr.  Friedrich  Strohmer,  the  genial 
general  secretary  of  the  congress,  assisted  most  ably  by  Dr. 
Anton  Stift,  one  of  the  recording  secretaries.  Unfortunately  for 
the  chemical  visitors,  the  laboratory  was  somewhat  torn  out  pre- 
paratory to  moving  to  the  more  commodious  quarters  which  it 
will  soon  occupy  at  No.  18  Elizabethstrasse,  Bezirk  i.  The 
laboratory  was  founded,  in  1859,  by  the  Union  for  Beet- sugar 
Industry  of  the  Austrian  Empire.  In  1867  the  laboratory  was 
transferred  to  Prag,  at  that  time  the  center  of  the  beet  industry 
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in  Austria.  In  1869  it  was  moved  to  Gross- Seelowitz,  the  seat 
of  some  of  the  most  important  sugar  factories  of  the  Empire. 
One  year  thereafter  the  station  was  removed  to  Vienna,  where 
it  has  remained  ever  since,  and  where  it  'is  now  permanently 
located.  The  station  is  entirely  independent  of  governmental 
control  or  assistance,  and  is  the  property  of  the  Central- Verein 
fiir  Riibenzucker-Industrie.  Its  purpose  is  the  investigation  of 
all  subjects  connected  with  beet-sugar  production,  whether  of 
an  agricultural,  chemical,  or  technical  character.  The  station 
also  edits  the  journal  of  the  society,  the  Wochenschrift  des  Cen- 
tral-Vereiv  5  fur  Rubenzucker- Industrie  in  den  Oesterr.-Ungar. 
Monarchic.  Private  analyses  for  sugar  growers  and  others 
are  also  made  by  the  station  at  a  fixed  tariff,  the  fees 
derived  therefrom  becoming  a  part  of  the  funds  to  sustain  the 
station.  From  1870  to  1898  there  wer^  made  at  the  station 
991O36  analyses,  involving  223,120  quantitative  determinations. 
The  laboratory  undertakes  also  to  set  standard  solutions  for  the 
use  of  technical  chemists  in  the  various  sugar  factories,  to 
adjust  polariscopes  and  graduate  flasks.  Special  botanists, 
entomologists,  and  pathologists  are  also  employed  for  the  study 
of  beets,  beet  diseases,  and  injurious  insects  and  molds.  In  the 
new  quarters,  to  which  the  laboratory  is  about  to  be  moved, 
greatly  increased  facilities  for  work  will  be  provided,  and  under 
the  able  direction  of  Dr.  Strohmer  the  station  may  be  expected 
to  accomplish  even  greater  works  than^in  the  past. 

CHEMICAI.    LABORATORY    OF    THE   GENERAL    AUSTRIAN    DRUG- 
GISTS'   UNION. 

This  laboratory  was  founded  in  1865,  and  has,  for  its  chief 
object,  teaching  the  theory  and  practice  of  pharmacy.  A  spe- 
cialty is  made  of  urine  analysis  for  diagnostic  and  therapeutic 
purposes.     The  director  of  the  laboratory  is  Dr.  C.  Gliicksmann. 

RESEARCH  INSTITUTE  OF  THE  GENERAL  AUSTRIAN  DRUGGISTS* 
UNION  FOR  FOODS,  CONDIMENTS,  AND  DRINKS. 

This  laboratory  was  founded  in  1888  in  honor  of  the  fortieth 
year  of  the  reign  of  the  Emperor.  Its  chief  purpose  is  the 
analysis  of  all  kinds  of  foods,  condiments,  and  drinks  for  asso- 
ciations and  private  individuals,  at  a  charge  varying  in  amount 
with  the  magnitude  of  the  work.  It  also  gives  instruction  to 
graduates  in  pharmacy  who  wish  to  prepare  themselves  espe- 
cially for  food  and  drug  analysis.  A  special  course  of  lectures  is 
given  on  food  adulteration.  The  director  of  the  laboratory  is 
Dr.  Moriz  Mansfeld. 

AUSTRIAN    EXPERIMENT     STATION     AND    ACADEMY     FOR     THE 

BREWING  INDUSTRY. 

This  institute  possesses  one  of  the  best  appointed  and  most 
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complete  laboratories  for  its  purpose  of  any  in  Vienna.  It  was 
fonnded  in  1887,  but  the  Academy  of  Instruction  was  first 
opened  in  1895.  The  laboratories  of  chemistry,  fermentation, 
bacteriology,  and  botany  are  not  only  roomy  and  admirably 
equipped,  but  united  in  an  organic  union  highly  conducive  to 
the  best  results.  Each  worker  is  not  engaged  alone  in  pushing 
his  own  researches,  neglecting  and  even  despising  the  work  of 
others,  but  all  in  perfect  harmony  and  under  a  single  direction, 
are  working  together  for  one  great  purpose;  namely,  the  placing 
of  the  brewing  industry  on  a  strictly  scientific  basis  and  promo- 
ting its  progress  by  research  and  experiment.  The  course  of 
instruction  lasts  for  four  semesters,  and  an  entrance  examina- 
tion equivalent  to  that  required  for  the  voluntary  one  year  mili- 
tary service  is  exacted.  Foreigners  also,  who  desire  to  pursue 
the  course  of  study,  must  bring  evidence  of  a  suitable  education. 
An  experimental  malt  factory  and  brewery  are  connected  with 
the  station,  where  the  results  of  all  researches  are  subjected  to 
practical  demonstration.  The  director  of  the  institute  is  k.  k. 
Hofrath  Fr.  Schwackhofer.  The  chief  of  the  chemical  labora- 
tory is  Dr.  Kd.  Jalowetz,  and  of  the  ferment-physiological  lab- 
oratory. Dr.  H.  Wichmann. 

CHEMICAL  LABORATORY    OF   THE  K.  K.  TECHNOLOGICAL 

TEXTILE  MUSEUMS. 

• 

The  object  of  this  laboratory  is  to  give  theoretical  and  prac- 
tical instruction  to  students  proposing  to  enter  the  textile  fabrics 
industry.  It  is  one  of  the  largest  institutions  of  instruction  in 
the  world,  and  the  annual  expenditures  of  the  institute  amount 
to  about  265,000  gulden.  Since  its  foundation  in  1881  more 
than  10,000  students  have  taken  the  course  of  instruction.  The 
laboratory  and  school  of  instruction  are  under  the  direction  of  Dr. 
Paul  Friedlander,  who  is  assisted  by  a  large  corps  of  professors 
and  specialists..  The  chemistry  of  dyeing  is,  of  course,  the  chief 
subject  taught. 

CHEMICAL-PHYSIOLOGICAL    EXPERIMENT    STATION     FOR    WINE 
AND  FRUIT  CULTURE  AT  KLOSTERNEUBERG. 

The  instructive  and  agreeable  excursion  to  this  locality  has 
aheady  been  referred  to.  Towards  the  end  of  1870  this  impor- 
tant station  was  founded  by  the  k.  k.  minister  of  agriculture, 
and  Prof.  Dr.  L.  Roessler,  at  that  time  professor  in  the  Tech- 
nical High  School  at  Karlsruhe,  was  appointed  director.  The 
charter  of  the  institute  required  the  most  thorough  scientific 
research  into  all  the  problems  connected  with  wine-making  and 
fruit  culture.     The  work  in  general  is  directed 

{a)  To  a  chemical,  microscopical,  and  bacteriological  study 
of  must  and  wine,  of  yeasts  and  the  by-products  of  fermentation, 
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to  Studies  of  cellar  fermentation   and  ripening,   clarification, 
sucration,  etc. 

(b)  To  the  chemical  and  mechanical  analysis  of  vineyard 
soils. 

(c)  To  the  chemical  studies  of  vineyard  fertilizers  and  their 
effects  upon  the  vintage. 

{d)  To  the  chemical  and  microscopical  studies  of  the  vine  and 
fruit  trees,  with  special  reference  to  their  constitution  and  ability 
to  resist  the  ravages  of  diseases  and  insect  pests. 

The  institution  was  also  charged  on  its  foundation  with  the 
publication  of  the  results  of  its  labors,  and  with  furnishing 
advice  and  direction  to  those  engaged  in  wine  and  fruit  culture. 
The  director  of  the  station  is  Prof.  Dr.  Josef  Leonhard  Roessler, 
who  showed  many  courtesies  to  the  members  of  the  congress 
who  visited  the  station,  both  on  the  occasion  of  the  general 
excursion  and  at  other  times. 

The  above  brief  review  of  the  foundations  for  teaching  cbem- 
^  istry  and  chemical  practice  in  Vienna  has  been  given  as  a  proper 
adjunct  to  the  special  report  of  the  congress,  and  because  Amer- 
ican chemists  are  not,  as  a  rule,  so  well  acquainted  with  the 
facilities  for  teaching  chemistry  in  Vienna  as  they  are  with  those 
in  Germany  and  France.  It  is  seen  that  there  is  no  dearth  of 
laboratories  and  experimental  stations  in  the  Austro-Hungarian 
capital,  and  the  rulers  of  that  eastern  Empire  are  fully  alive  to 
the  fact  that  only  those  nations  which  push  chemical  studies  and 
apply  them  in  a  scientific  technical  manner  can  hope  to  keep 
abreast  of  the  progress  of  the  world. 

These  Congresses  of  Applied  Chemistry  teach,  first  of  all,  the 
fundamental  relations  of  applied  chemical  research  to  all  the 
great  industries  that  make  nations  wise,  rich,  and  powerful. 
The  advance  of  any  nation  in  wealth,  civilization,  and  power  is 
measured  directly  by  the  position  occupied  therein  by  chemical 
research  applied  to  the  arts  and  sciences. 

And  yet  the  makers  of  the  wealth  of  nations,  those  who  con- 
tribute most  to  its  progress  and  welfare,  who  are  most  intimately 
related  to  all  the  industries  of  war  and  peace,  strange  to  say, 
receive  the  least  social  and  political  distinction,  and  command 
the  least  compensation  of  all  the  classes  who  devote  themselves 
to  the  public  service  and  welfare.  It  is  therefore  suggested  that 
a  proper  theme  to  receive  the  attention  of  the  next  congress, 
which  meets  in  Paris  in  1900,  would  be  a  **  Report  on  the  Fun- 
damental Relations  of  Applied  Chemistry  to  National  Wealth 
and  Progress. ' »  ^  y^  Wilby. 


NOTE. 

A  Convenient  Method  for  Maintaining  Reduction  of  Ferrous  So- 
luHons\ — My  reasons  for  calling  attention  to  this  method  for 
maintaining  reduction  in  ferrous  solutions  are,  that  it  is  econom- 
ical, convenient,  and  effective,  and  so  far  as  I  have  been  able  to 
ascertain,  new,  in  this  particular  application. 

Various  methods  have  been  used  to  keep  ferrous  solutions  re- 
duced, such  as  the  introduction  of  zinc  and  sulphuric  acid,  and 
the  addition  of  sirups,  gums,  sulphurous  acid,  or  sulphuric  acid. 
These  are  either  unnecessarily  expensive,  or  ineffective,  as  they 
may  interfere  with  the  uses  of  pure  ferrous  solutions,  and  I  have 
not  been  able  to  obtain  as  satisfactory  and  permanent  results  with 
them,  as  with  the  method  which  I  have  made  the  subject  of  this 
note  ;  namely,  the  addition  of  ten  per  cent,  of  concentrated  sul- 
phuric acid  and  a  suitable  amount  of  iron  in  the  form  of  small 
wrought  iron  nails,  to  a  ten  per  cent,  solution  of  ferrous  sul- 
phate. The  acid  under  these  conditions  liberates  hydrogen  very 
slowly,  and  yet  fast  enough  to  nullify  the  oxidizing  action  of  the 
air,  even  when  the  solution  is  exposed  in  an  open  beaker. 

I  have  found  that  ferrous  solutions  thus  made  up  will  keep 
for  more  than  a  month  in  a  practically  unchanged  condition, 
while  solutions  made  up  with  sirups,  gums,  or  with  free  acids 
and  similarly  exposed,  were  very  largely  ferric  at  the  end  of  the 
period,  and  acidified  ferrous  ammonium  sulphate,  PeSO^(NH  J,- 
SO^-f^H,0,  was  in  very  little  better  condition. 

When  one  requires  a  large  amount  of  ferrous  sulphate  for  qual- 
itative classroom  work,  for  example,  an  open  beaker  full  of  the 
reagent  always  in  good  condition,  is  very  useful  in  saving  time, 
and  is  of  great  convenience,  and  in  these  respects  has  been  so 
satisfactory  to  me,  that  I  venture  to  present  the  method  to  the 
members  of  the  society.  William  S.  Mybrs. 

Rutgers  College,  June  j,  i8gS, 
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Elbmknts  op  Gbnbrai,  Chbmistry  with  Experiments.    By  John  H. 
Long,  M.S.,  Sc.D.  Chicago:  B«  H.  Colegrove.    1898.    Price,. I2.00. 

This  is  a  compact  text-book,  fitting  only  408  pages,  underta- 

\  Read  before  Uie  New  York  Sectioa,  Jane  3, 1898. 
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king  to  give  an  introduction  to  the  main  principles  of  chemical 
science,  an  outline  of  the  descriptive  chemistry  of  the  elements 
and  their  leading  inorganic  combinations,  accompanied  with 
directions  for  simple  experiments  by  the  student.  In  its  prepa- 
ration the  author  has  used  a  part  of  his  work  *'  Experimental 
and  Analytical  Chemistry,"  now  out  of  print,  and  has  added  new 
subject-matter,  making  it  all  anew  as  a  text-book  of  elementary 
general  chemistry,  preparatory  to  the  work  of  analysis. 

Only  the  phenomena  of  physical  and  chemical  change  are  pre- 
sented in  the  introductory  chapter  ;  volume  proportions  are 
brought  forward  in  the  chapters  upon  oxygen,  hydrogen,  and 
chlorine,  and  it  is  not  until  following  chapters  that  the  atomic 
theory  is  broached,  which  is  done  with  an  excellent  summary  of 
its  historical  development.  Still  later  on  the  subject  of  valence 
is  presented,  and  some  uses  of  structural  formulas  are  set  forth. 
Throughout  the  book  the  uses  of  equations  and  of  constitutional 
formulas  are  quite  carefully  guarded  against  abuse,  but  as  aids 
to  study  they  are  not  by  any  means  neglected. 

In  respect  to  solubilities  the  facts  of  saturation,  precipitation, 
and  crystallization  are  clearly  distinguished  in  the  very  begin- 
ning of  the  book,  but  electrochemical  theories  of  solution  are 
not  introduced  at  all. 

The  periodic  system  is  brought  forward  when  the  metallic 
elements  are  taken  up,  together  with  further  treatment  of  the 
subject  of  valence  and  of  the  determination  of  atomic  weights. 
After  this  the  periodic  arrangement  of  the  elements,  well  termed 
the  natural  arrangement,  is  observed  through  the  remainder  of 
the  book. 

In  all  the  chemical  descriptions,  illustration  is  drawn  from  the 
relations  of  organic  life  and  from  the  manufacturing  arts,  with 
justice  to  the  present  state  of  industrial  chemistry. 

The  directions  for  experiments,  distributed  through  the  work, 
extend  to  173  numbers.  The  author  states  that  these  experi- 
ments riepresent  the  work  required  in  his  classes  during  the  past 
ten  years'  work,  as  it  would  appear,  **  repeated  by  the  student 
in  the  laboratory*'  after  like  demonstration  by  the  teacher  in  the 
classroom.  Such  exercises,  following  those  of  the  lecture-table, 
undoubtedly  serve,  as  the  authqr  says,  to  fix,  as  by  repetition,  the 
subject-matter  of  the  lectures  in  the  memory  and  mind  of  the 
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learner,  with  g^eat  advantage.  But  it  may  be  doubted  whether 
initiative  exercises  of  this  order  will  serve  to  develop  the  inde- 
pendent po^er  of  the  student  as  well  as  a  series  of  laboratory 
exercises  planned  expressly  for  the  student,  distinct  from  the 
order  of  the  lecture  course  though  on  the  same  subject. 

It  remains  to  mention  what  is  best  about  this  book  ;  namely, 
its  personality,  clearly  recognized  in  every  page  by  those  who 
know  the  author  and  by  those  who  have  read  his  contributions. 
Personal  qualities  can  be  known  more  easily  than  named,  but  it 
can  be  said  that  the  authorship  of  this  little  book  is  character- 
ized by  simplicity  in  description,  directness  in  statement,  breadth 
of  view  in  science,  caution  in  adoption  of  theory,  care  against 
misinterpretation,  and  experience  with  the  applications  of  chem- 
istry at  the  present  time.  A.  B.  Prbscott. 

Introduction  to  Chemical- Technical  Analysis.  By  Prop.  F.  Ulzbr 
AND  Dr.  a.  Prabnkbl,  Directors  of  the  Testing  laboratory  of  the 
Royal  Technological  Museum  in  Vienna.  Authorized  translation, 
with  an  appendix  by  the  translator,  Herman  Plbck,  Nat.  Sc.D., 
Instructor  in  Chemistry,  University  of  Pennsylvania.  Philadelphia : 
P.  filakiston*s  Son  &  Co.    vii  +  188  pp.    Price,  I1.25. 

This  book  is  apparently  an  effort  to  teach  the  student  ''some- 
thing of  everything*' while  the  "everything  of  something'*  is 
left  to  the  special  treatise.  Unfortunately  the  methods  described 
under  the  different  branches  of  technical  work  are  generally 
very  sketchy  and  few  of  them  are  capable  of  execution  by  the 
student  without  assistance. 

The  subjects  treated  include  Products  of  Technical  Chemis- 
try, Cement  and  Clay,  Metallurgical  Industry,  Alloys,  Fertil- 
izers, Sugar  Industry,  Fermentation  Industries,  Fats,  Waxes 
and  Mineral  Oils,  Mordants  and  Tanning  Materials,  Textile  and 
Dyeing  Industries,  Products  of  the  Coal-tar  Industry,  and  in  an 
appendix,  White  Lead,  Manganese  Dioxide,  Bleaching  Lime, 
etc.,  Asphalt  and  Food  Stuffs. 

The  subjects  most  satisfactorily  treated  are  the  *  *  Mordants 
and  Tanning  Materials'*  and  the  "  Textile  and  Dyeing  Indus- 
tries." The  one  most  unsatisfactorily  treated  is  the  "Metallur- 
gical Industry." 

The  appearance  and  printing  of  the  book  is  good  and  the  index 
is  well  made,  but  the  cross  references  in  the  body  of  the  book 
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are  far  from  satisfactory.  For  instance,  on  page  99,  KjeldabPs 
method  is  referred  to  as  under  '^Nitrogen  Fertilizers/*  page  78, 
whereas  it  is  really  under  the  head  of  ** Nitrogen,*'  page  74.  On 
page  154  the  chemical  analysis  of  starch  is  referred  to  as 
being  in  Chapter  VI,  whereas  it  is  really  in  Chapter  VII,  page 

99. 

Some  proper  names  are  misspelled,  as   Candlon  for  Cand- 

lot,  page  39,  and  Brown  for  Drown,  page  51. 

Andrew  A.  Blair. 

CoMMKRCiAi,  Organic  Analysis.  By  Alfred  H.  Allen,  F.I.C,  F.C.S. 
Second  edition.  Vol.  IV.  Philadelphia:  P.  Blakiston*s  Son  &  Co. 
1898.    8vo.    584  pp.    Price,  I4.50. 

This  work  needs  no  introduction.  The  three  earlier  vol- 
umes— or  rather  five,  for  the  third  volume  is  really  three  in  one — 
have  gained  a  most  enviable  reputation,  and  have  rendered 
more  assistance  than  any  other  publication  to  those  who  have  to 
do  with  proximate  organic  analysis.  We  have  awaited  this 
final  volume  of  the  work,  therefore,  with  interest,  and  welcome 
its  appearance  most  heartily. 

The  work  is  thoroughly  up  to  date,  including  the  most  recent 
contributions  to  the  literature  of  the  field  it  covers.  The  author 
has  evidently  intended  to  give  references  to  articles  mentioned, 
and  has  usually  done  so,  but  unfortunately  the  reader  is  often 
referred  to  abstracts  instead  of  original  articles. 

As  stated  in  the  preface,  **  Much  of  the  matter  of  Volume  IV 
is  scarcely  such  as  might  be  expected  to  be  contained  in  a  work 
purporting  to  treat  of  commercial  analysis.'*  This  could  not 
well  be  otherwise,  for  some  of  the  subjects  treated  are  among  the 
most  difficult  to  study  and  the  least  understood  of  all  commercial 
products. 

The  subject-matter  of  the  volume  is  arranged  under  the  head- 
ings, "  Proteids  and  Albuminous  Principles,'*  and  **  Proteoids 
of  Albuminoids.**  The  first  460  pages  are  of  equal  interest  to 
the  physiological  chemist  and  the  food  chemist.  Here  are 
treated  the  proteids  of  eggs,  blood,  urine,  and  milk,  as  well  as 
vegetable  proteids,  and  methods  are  given  for  the  examination 
of  dairy  products  and  of  meat  and  meat  products.  The  proteids 
of  digestion,  and  methods  for  the  examination  of  blood  are  also 
discussed  at  length. 
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The  sixty-eight  pages  devoted  to  meat  and  meat  products  are 
especially  worthy  of  note,  though  the  apparatus  described  for 
the  estimation  of  nitrogen  (p.  32)  would  scarcely  meet  with  the 
approval  of  our  agricultural  chemists. 

The  remainder  of  the  volume  is  devoted  to  the  proteoids.  The 
author  has  set  for  himself  the  very  difficult  task  of  classifying 
the  bodies  that  come  under  this  heading,  and  this  treatment  of 
them  is  probably  as  systematic  as  is  possible  with  the  knowledge 
ve  now  possess  of  their  properties. 

The  nomenclature  of  this  subject  is  most  bewildering,  at  pres- 
ent, so  much  so  that  it  is  necessary  for  a  writer,  in  order  to  be 
understood,  to  give  his  interpretation  of  even  the  terms  most 
commonly  employed.  Some  writers,  and  even  national  associa- 
tions, in  trying  to  assist  us,  only  add  to  our  perplexity.  We  are 
glad  to  see,  therefore,  that  the  author  of  this  work  has  striven, 
first  of  all,  to  promote  uniformity,  for  instance,  the  term  ''  albu- 
minoid*' is  used  with  the  same  significance  as  proteoid,  but  it  is 
suggested  that,  to  prevent  confusion,  it  be  avoided  whenever 
possible. 

On  the  whole  the  volume  compares  favorably  with  the  earlier 
Tolnmes  of  the  work,  and  cannot  but  do  much  to  remove  the 
difficulties  that  are  encountered  in  the  examination  of  nitroge- 
nous compounds.  W.  D.  BiGELOW. 

Manual  op  Determinative  Mineralogy,  with  an  Introduction  on 
Blowpipe  Analysis.  By  George  J.  Brush.  Revised  by  Samuel  h. 
Pbnfibld.  Fifteenth  edition,  pp.  302.  New  York  :  John  Wiley  & 
Sons.   1898.     Price,  I4.00. 

This  book  is  so  well  known  through  its  fourteen  previous  edi- 
tions that  it  is  surely  superfluous  for  the  reviewer  to  do  any- 
thing more  than  to  note  the  additions  and  changes  which  have 
been  made,  and  to  call  attention  to  what  appear  to  be  defects  or 
deficiencies. 

The  additions  consist  principally  of  a  well-written  and  useful 
chapter  on  the  physical  properties  of  minerals,  the  greater  part 
of  which  deals  with  crystallography,  and,  further,  in  the  intro- 
duction into  the  tables  of  such  well-defined  mineral  species  as  have 
been  discovered  in  the  twenty  years  since  their  last  revision. 

The  most  evident  change  has  been  in  the  reconstruction  of  the 
tables,  with  the  dominant  idea  of  making  the  chemical  tests  the 
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more  decisive  ones  and  physical  tests  principally  subordinate. 
In  doing  this,  the  author  has  our  most  sincere  approval  ;  we 
felicitate  him  on  the  extent  to  which  he  has  emphasized  this 
change.  When  reviewing  Dr.  Frazer's  tables  for  the  determina- 
tion of  minerals  by  physical  properties,*  we  felt  constrained  to 
remark  that  *'  every  true  scheme  of  determining  minerals  should 
start  with  and  be  based  on  their  chemical  composition,  bringing 
in  physical  tests  afterwards,  etc.,"  and  on  this  ground  we  con- 
demned methods  based  on  physical  properties  as  *' starting  at 
the  wrong  end,  and  unfit  to  guide  in  the  accurate  determination 
of  minerals  in  general.''  We  therefore  believe  that  Prof.  Pen- 
field  has  increased  the  accuracy  and  utility  of  his  tables  in  pro- 
portion as  he  has  brought  the  chemical  tests  forward  as  the 
primary  ones  and  relegated  the  physical  tests  to  their  logical 
subordinate  position.  That  he  is  thoroughly  convinced  of  the 
desirableness  of  this  tendency  may  be  seen  from  the  following 
extracts : 

**  It  is  believed  that  no  methods  are  so  generally  to  be  relied 
upon  for  giving  decisive  results  as  those  based  upon  the  identi- 
fication of  the  chemical  constituents  of  the  minerals." 

"  The  tables  have  been  so  developed  that  tests  for  character- 
istic chemical  constituents  furnish  the  chief  means  for  identifica- 
tion." 

Our  chief  criticism  of  the  method  of  the  tables  is  that  the 
author  has  not  made  these  changes  radical  enough,  that  he  still 
holds  on  to  some  physical  tests  as  primary  ;  whereas,  to  be  con- 
sistent, he  should  have  relegated  them  all  to  their  proper  subor- 
dinate position.  The  retention  of  luster  and  fusibility  as  pri- 
mary divisions  is  the  last  relic  of  the  former  illogical  and  unsatis- 
factory method  of  classification,  and  it  is  to  be  reg^tted  that  the 
author  did  not  perceive  the  desirability  of  retiring  these  from 
their  too  prominent  function  and  thus  coming  at  once  to  the 
logical  simplicity  of  the  chemical  basis  as  primary. 

It  is  in  our  judgment  a  defect  of  the  book  that  many  quick, 
decisive,  and  reliable  blowpipe  tests  are  not  accounted  at  their 
proper  value,  and  the  recommendation  usually  given  to  make 
the  corresponding  wet  test  in  their  place.  We  think  that  the 
author  undervalues  the  reliability  of  many  flame  and  bead  tests 

1  TbU  Jonnial,  17.  353. 
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especially,  which  when  carefully  performed  are  really  more  deci- 
sive and  satisfactory  than  the  wet  tests,  besides  being  more 
quickly  made  and  with  simpler  apparatus  and  reagents. 

Another  general  defect  is  that  the  tables  still  fail-  to  take 
account  of  some  of  the  most  common  and  practically  insepara- 
ble impurities  occurring  in  minerals.  We  cheerfully  allow  the 
truth  of  Prof.  Penfield's  remark  that  "  it  would  be  impossible  to 
devise  blowpipe  methods  to  meet  the  contingencies  arising  from 
the  Various  mixtures  of  minerals*' — but  does  that  excuse  the 
classifier  from  taking  into  consideration  the  most  frequently  oc- 
curring isomorphous  replacements  which  introduce  foreign  ele- 
ments into  the  mineral  ? 

To  particularize  :  On  page  246  are  given  the  fusible  minerals 
with  metallic  luster  containing  arsenic.  The  second  mineral 
mentioned  is  characterized  as  containing  both  arsenic  and  anti- 
mony, leaving  it  to  be  implied  that  the  thirty  minerals  following 
are  free  from  antimony,  and  it  is  true  that  no  antimony 
appears  in  their  formulas.  But  it  is  nevertheless  the  fact  that 
eleven  of  these  thirty  do  often  contain  antimony,  in  amounts 
varying  from  four  and  eight- tenths  to  twenty-eight  per  cent., 
and  that  therefore  any  one  of  these  eleven  might,  at  times,  give 
the  reaction  ascribed  only  to  allemontite.  Once  again,  on  page 
249,  are  given  antimony  compounds  with  lead,  combined  with 
first  copper,  then  bismuth,  silver,  tin,  and  finally  without  any  of 
these  four  elements.  Yet,  among  the  ten  minerals  in  the  last 
class,  the  simple  fact  is  that  six  of  them  do  at  times  contain 
enough  copper  (one  to  six  per  cent. )  to  give  the  reaction  which 
would  place  them  with  bournonite,  in  the  first  class.  These  are 
only  two  instances  of  what  could  be  illustrated  in  almo.st  every 
division  of  the  classification. 

The  question  at  once  arises — Is  an  ^omission  to  take  such 
cases  into  the  account  unavoidable  ?  Would  it  be  an  impossible 
task  to  catalogue  each  mineral  in  every  class  into  which  its 
occasionally  occurring  inseparable  impurities  would  unavoida- 
bly cause  it  to  fall  in  practice  ?  If  that  is  in  reality  impossible, 
then  we  owe  an  apology  to  the  author  for  dwelling  on  an 
unavoidable  defect ;  for  a  defect  it  certainly  is,  since  a  mineral 
will,  in  general,  fall  into  its  correct  place  in  the  table  only  when 
it  is  the  typically  pure  substance  which  the  formula  represents. 
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The  adaption  of  the  chemical  basis  of  classification  inevitably 
requires  that  variations  of  the  composition  of  a  mineral  from  the 
normal  must  be  taken  into  account,  when  they  affect  its 
position  in  the  classification.  When  such  a  classification,  on 
the  chemical  basis,  v&  perfectly  carried  out,  then  we  will  possess 
a  theoretically  perfect  system  of  determinative  mineralogy. 

To  sum  up,  then,  this  book  is,  in  our  judgment,  the  best  trea- 
tise on  determinative  mineralogy  that  is  yet  published  ;  but  the 
tables  have  some  defects  of  method  and  many  deficiencies  of 
detail,  the  correction  of  which  would  greatly  increase  their 
reliability.  Joseph  W.  Richards. 

A  Tb%t-Book  op  Volumetric  Analysis  with  Special  Rbperencb  to 
THE  Volumetric  Processes  op  the  Pharmacopoeia  op  the  United 
States.  By  Henry  W.  Schimpp,  Ph.G.,  M.D.,  Professor  of  Inorganic 
Chemistry  in  the  Brooklyn  College  of  Pharmacy.  Third  edition, 
revined  and  enlarged.  New  York  :  John  Wiley  &  Sons.  1898.  zxx + 
523  pp.    Price,  I2.50. 

In  its  present  form  this  work  consists  of  four  parts  :  Part  I  gives 
a  description  of  the  apparatus,  indicators,  methods  of  work 
and  of  calculation  used  in  volumetric  analysis,  and  also  a 
concise  statement  of  the  methods  to  be  used  for  the  inorganic 
substances  of  the  U.  S.  Pharmacopoeia.  Part  II  is  new  and 
gives  methods  for  the  analysis  of  various  medicinal  acids  and 
metallic  salts.  Part  III  is  devoted  to  sanitary  analysis  and 
includes  especially  methods  for  the  analysis  of  water,  milk,  but- 
ter, starch  in  cereals,  diastasic  value  of  malt,  glycerin,  alka- 
loids, vegetable  drugs,  and  surgical  dressings.  Part  IV  gives 
gasometric  methods  for  the  analysis  of  carbonates,  nitrous  ether, 
nitrates,  urea,  and  hydrogen  dioxide. 

The  descriptions  and  directions  are  mostly  clear  and  satisfac- 
tory, and  the  methods  given  are  usually  well  suited  for  the  pur- 
poses for  which  they  are  designed.  Two  or  three  matters  of  de- 
tail may  be  criticized  :  magnesium  chloride  is  now  generally 
used  for  magnesia  mixture  instead  of  magnesium  sulphate,  as 
recommended  (p.  241).  The  standards  for  nitrites  in  potable 
waters  (p.  313)  do  not  agree  with  the  opinion  of  the  best  au- 
thorities and  should  be  revised.  A  table  of  atomic  weights  based 
on  O  =  1 5  96  is  decidedly  out  of  date,  but  that  may  be  the  fault 
of  the  pharmacopoeia  rather  than  of  the  author. 

Perhaps  the  most  serious  omission  in  the  book  is  the  failure  to 


NEW  BOOKS.  Ill 

give  any  rational  discussion  of  the  theory  of  indicators  in  acidim- 
etry.  Since  Ostwald's  discussion  of  the  subject  has  become  so 
easily  accessible,  any  book  on  volumetric  analysis  which  does 
not,  at  least,  give  an  outline  of  the  principles  involved,  must  be 
considered  as  incomplete.  W.  A.  Noyes. 

CoMMBRCiAi*  Organic  Analysis.  Vol.  I.  By  Alfred  H.  Allen, 
F.I.C.,  P.C.S.  With  revisions  and  addenda  by  the  author  and  Henry 
Lbffmann,  M.A.,  M.D.  Third  edition.  Philadelphia:  P.  Blakiston*s 
Son  &  Co.    8  vo.     557  pp.     Price  $4.50. 

This  new  and  thoroughly  revised  edition  of  Vol.  I  of  Mr. 
Allen's  valuable  work  will  be  heartily  welcomed  by  chemists 
everywhere.  The  second  edition  was  published  in  1885,  and 
the  present  volume  had  become  a  necessity'  in  order  that  it  might 
rank  in  completeness  with  the  later  volumes  of  the  work. 

The  subject-matter  has  been  brought  well  up  to  date  by 
material  furnished  by  both  Mr.  Allen  and  Dr.  LefFmann.  Numer- 
ous typographical  errors  in  the  second  edition  have  been  cor- 
rected and  the  index  has  been  much  improved  by  very  consider- 
able enlargement.  The  arrangement  of  the  subject-matter 
remains  essentially  the  same  as  in  the  second  edition  which  was 
eminently  satisfactory.  The  methods  of  the  American  Associa- 
tion of  Official  Agricultural  Chemists  have  been  included,  very 
properly,  in  the  text. 

The  following  subjects  have  had  much  valuable  matter  added 
to  them;  viz.y  Specific  Gravity,  Kjeldahl  Process,  Proteids  of 
Wheat  Flour,  Vinegar,  Brewing  Sugars,  Malt  Substitutes, 
Hop  Substitutes,  Secondary  Constituents  in  Spirits.  Formalde- 
hyde, Methyl  Alcohol,  Acetone,  Fusel  Oil,  Argol,  Starch,  Glu- 
cose, Invert  Sugar,  Lactose,  and  Wine.  The  addenda  treat  of 
"Detection  of  Gallisin  in  Beer,*'  **  Invert  Sugar,''  **  Outline 
Process  for  the  Detection  of  Bitter  Principles  in  Beer," 
"  Method  for  Estimating  Galactan,"  and  the  **  Determination  of 
Pentosans  by  Means  of  Phloroglucol."  Wm.  L.  Dudley. 

Lbhrbuch  dbr  anorganischbnChemib.  Von  Prop.  Dr.  H.  Erdmann  in 
Halle.  Mit  276  abbildungen  and  vier  farbigenXafeln.  Braunschweig : 
Priedrich  Viewig  und  Sohn.    1898.    xxvi  +  756  pp.    Price,  M,  18. 

The  author  states  in  his  preface  that  he  has  taken  as  his 
model  in  the  making  up  of  this  volume  the  well-known  ' '  Lehr- 
buch  der  Chemie"  of  Gorup-Besanez,  and  that  he  would  have 
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called  it  the  eighth  edition  of  that  work  were  it  not  that  the 
changed  condition  of  the  science  since  its  publication  has  ren- 
dered necessary  a  fundamental  rearrangement  of  the  subject- 
matter.  The  arrangement  adopted  is  that  usually  followed  in 
works  of  this  character ;  w>. ,( i )  eighty-one  pages  of  an  **  In- 
troduction to  Chemistry  ;*'  (2)  **The  Non-metals  (Metalloide)" 
of  420  pages;  and  (3)  '*  The  Metals,**  217  pages. 

Under  the  first  division,  after  a  very  brief  explanation  of  the 
Roman  and  Arabic  systems  of  numbers,  and  of  logarithms,  two 
pages  each  of  a  four-place  table  of  logarithms  and  antiloga- 
rithms  are  given.  Then  follows  a  discussion  of  the  fundamental 
principles  of  the  science,  such  as  **The  Three  States  of  Matter," 
**The  Kinetic  Theory  of  Gases,'*  the  **  Nature  of  Chemical 
Changes,'*  the  **  Atomic  and  Molecular  Theory  of  the  Compo- 
sition of  Matter,**  ** Practical  Methods  of  Determining  Molecular 
Weights,*'  the  laws  of  ^^Combination  of  Gases  by  Volume,"  etc. 
The  discussion  of  these  principles  is  well  done,  and  is  more  ex- 
tended than  is  usually  found  in  treati.ses  the  size  of  this. 

The  author  says  (p.  82):  **  By  far  the  greater  number  of  the 
chemical  elements  are  solid,  more  or  less  easily  fusibk  bodies  Of 
high  luster,  exceedingly  opaque,  good  conductors  of  heat  and 
electricity,**  etc.  **  These  elements  we  call  metals.**  As  the 
chemist  in  classifying  the  elements  for  his  purposes  places  no 
emphasis  upon  these  purely  physical  properties,  it  would  seem 
better  were  they  classed  as  metals  or  non-metals  in  accordance 
with  their  base-forming  or  non-base- forming  characteristics. 

In  the  descriptive  part  of  the  book,  the  name  of  each  element 
is  followed  by  its  molecular  formula,  its  synonyms,  and  a  list  of 
its  prominent  physical  and  chemical  properties.  Then  follows 
the  occurrence  of  the  element,  its  method  of  production,  proper- 
ties, and  the  properties  of  its  inorganic  compounds,  and  well 
illustrated  directions  for  performing  the  most  important  labora- 
tory experiments.  Thirteen  pages  of  text  are  devoted  to 
helium  and  argon  with  illustrations  of  the  apparatus  for  isola- 
ting them  and  examining  their  spectra,  while  a  supplementary 
note  on  page  756  announces  the  discovery  of  crypton  and  neon. 
The  structural  formulas  of  many  compounds  are  given,  and 
molecular  proportions  ^re  invariably  expressed  in  chemical 
equations. 
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The  "  periodic  law"  is  discussed  in  less  than  four  pages  near 
the  end  of  the  volume,  and  no  mention  is  made  in  the  descrip- 
tive part  of  the  book  of  its  aid  in  a  rational  system  of  classifying 
the  elements.  This  neglect  will  appear  to  many  chemists  as  a 
mistake  of  the  author  greatly  to  be  regretted.  Electrochemis- 
try, the  theory  of  solution,  and^  ionization  are  also  very  briefly 
treated.  The  volume  closes  with  a  table  of  various  distances, 
wave-lengths,  etc. 

The  illustrations  are  numerous  and  excellent,  and  many  of 
them  are  new  to  text-books  of  chemistry.  The  four  lithographic 
charts  of  colored  spectra  are  much  superior  to  those  usually 
published. 

The  work,  taking  it  all  in  all,  is  an  excellent  one,  and  will  be 
heartily  welcomed  by  all  who  are  interested  in  a  wider  diffusion 
of  a  knowledge  of  chemical  science.  W.  W.  Danibi^ls. 

PeBUHINARY    RBPORT    op   an    INVBSTIGATION    of    RrVBRS    AND    Dbbp 

Ground  Watbrs  op  Ohio  as  Sourcbs  op  Public  Watbr  Suppi^ibs. 
By  the  SUte  Board  of  Health.     1897-1898. 

Early  in  the  report  we  find  the  very  apt  remark,  that  the 
examination  of  one  or  two  samples  of  water  taken  from  a  stream, 
may  giv^  but  little  information  as  to  its  fitness  for  domestic  use  ; 
and  that,  before  deciding  upon  a  proposed  source  for  town 
supply,  a  much  more  comprehensive  study,  extending  through- 
out the  year,  is  imperative. 

It  is  gratifying  to  note  that  "the  Board  has  begun  an  investi- 
gation which  it  hopes  to  continue  until  the  condition  and 
liability  of  pollution  of  all  important  sources  of  public  water 
supplies  in  Ohio,  shall  have  been  satisfactorily  examined.'' 
Would  that  more  states  followed  this  excellent  example ! 

The  section,  by  Mr.  Allen  Hazen,  devoted  to  **  stream  pollu- 
tion," shows  that  most  of  the  larger  streams  of  the  state  are 
used  for  public  supplies ;  that  all  of  them  receive  a  notable  addi- 
tion of  sewage,  and  that  the  waters  of  such  streams,  below  the 
sewage  outfalls,  are  unwholesome. 

Prof.  N.  W.  I<ord  contributes  a  voluminous  report  upon  the 
chemical  examination  of  the  waters  of  the  Scioto,  Olentangy, 
and  Mahoning  Rivers,  which  is  followed  by  the  bacteriological 
examination  of  the  same  waters  by  Prof.  A.  M.  Bleile.  Each  of 
these  investigators  resorts  to  the  graphic  form  to  illustrate  his 
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results,  a  mode  of  presentation  that  is  always  acceptable  and 
striking. 

Prof.  Lord's  methods  of  analysis  do  not  vary  from  those 
usually  followed,  with  the  exception  of  a  slight  change  in  the 
scheme  for  ''required  oxygen."  It  is  his  custom  to  produce  a 
faint  pink  color  witfaT  the  standard  permanganate  at  the  outset, 
and  the  amount  of  the  reagent  so  used  is  not  counted  in  the 
determination,  it  being  considered  to  represent  what  is  required 
to  oxidize  ferrous  salts  and  hydrogen  sulphide  present.  This 
suggestion  would  seem  to  be  a  good  one,  but  the  thought 
presents  itself  that  easily  decomposable  organic  matter  might  be 
present  that  would  vie  with  the  inorganic  salts  in  rapidity  of 
action. 

Prof.  Bleile  very  properly  lays  stress  upon  the  fact  that  com- 
parative results  are  looked  for,  in  the  bacteriological  examina- 
tion, rather  than  an  exact  knowledge  of  the  number  of  germs 
present ;  and  he  very  ingenuously  makes  use  of  a  filter-paper 
saturated  with  formalin  and  placed  within  the  cover  of  the  Petri 
dish,  in  order  to  arrest  growth  after  a  fixed  time,  and  prevent 
the  colonies  from  breaking  down  the  medium  while  waiting  for 
their  turn  to  be  counted.  He  makes  use  of  a  beef-peptone-agar 
just  alkaline  to  phenolphthalein,  which  is  a  reaction  distinctly 
more  alkaline  than  the  medium  commonly  employed. 

A  report  follows  on  stream  gaugings  and  sources  of  river  pollu- 
tion, by  Prof.  C.  W.  Brown,  after  which  Prof.  Edward  Orton, 
state  geologist,  devotes  considerable  space  to  "The  Rock 
Waters  and  Flowing  Wells  of  Ohio,"  chiefly  of  geological 
interest. 

A  "water-shed"  map  of  the  state  closes  a  report  of  decided 
interest  and  value.     There  is  no  index.  W.  P.  Mason. 
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A  NEW  METHOD  FOR  THE  DETERniNATION  OF  ZINC. 

By  a.  C.  I^AHOMUIR. 
RcceiTttd  Octoter  as.  itot. 

PRACTICALLY  two  methods  only  are  in  general  use  for  the 
gravimetric  determination  of  zinc.  Of  these,  the  carbonate 
method  with  its  many  imperfections  is  being  displaced  by  the 
phosphate  method,  at  least  in  this  country. 

With  care  the  latter  will  yield  excellent  results.  In  our  prac- 
tice it  is  customary  to  use  ammonium  phosphate  in  place  of  the 
usual  sodium  salt/  and  after  the  precipitation  of  the  phosphate 
to  destroy  the  slight  excess  of  ammonia  remaining  after  heating 
on  the  water-bath,  by  the  cautious  addition  of  dilute  acetic  acid. 
Under  these  conditions  the  filtrate  is  free  from  zinc. 

Directly  igniting  the  sulphide  and  filter,  and  weighing  as 
oxide  or  sulphide,  has  been  used,  but  is  open  to  serious  objection 
lithe  amount  of  zinc  is  at  all  large. 

As  far  as  we  are  aware  no  one  has  proposed  the  solution  of 
the  sulphide  in  nitric  acid,  the  evaporation  of  the  solution  so  ob- 
tained and  the  conversion  of  the  residue  to  oxide  by  ignition. 
As  a  second  precipitation  and  washing  is  avoided  it  is  quicker 
than  the  carbonate  or  phosphate  methods  and  is  preferable  to 

^Garrigiaes  :  This  Journal.  19,  934* 
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the  latter  in  that  the  impurities  almost  invariably  present  in  the 
zinc  precipitate  may  be  easily  determined  and  allowed  for. 

The  sample  of  ore  for  analysis  (one-half  to  one  gram  accord- 
ing to  its  zinc  content)  is  dissolved  and  the  metals  precipitated 
by  hydrogen  sulphide  separated  by  the  usual  methods.  After 
expelling  hydrogen  sulphide,  the  solution  is  colored  by  bromine 
water,  and  the  iron  and  any  manganese  present  are  separated  by 
ammonia.  The  precipitate  is  dissolved  in  hydrochloric  acid  and 
the  precipitation  is  repeated  a  second  or  third  time  if  necessary. 

If  the  ore  is  one  which  is  known  to  be  free  from  lime  and  mag- 
nesia the  combined  filtrates  may  be  boiled  down  immediately 
with  the  addition  of  an  excess  of  nitric  acid  to  destroy  chlorides 
and  ammonium  salts.  After  the  removal  of  the  chlorine,  the  so- 
lution is  transferred  to  a  weighed  platinum  dish,  evaporated  to 
dryness,  ignited  and  weighed  as  oxide. 

The  troublesome  filtration  and  washing  of  the  zinc  sulphide 
should  be  avoided  if  possible.  In  our  opinion  better  results  are 
obtained  by  the  ferrocyanide  titration  of  the  solution  of  the  un- 
washed sulphide  than  by  any  gravimetric  method  involving  the 
filtration  and  washing  of  this  precipitate\ 

The  zinc  is  best  precipitated  as  follows :  Acidulate  the  warm 
ammoniacal  filtrate  from  the  iron  with  hydrochloric  acid,  add  a 
few  drops  of  sulphurous  acid  to  neutralize  the  bromine  set  free, 
then  three  or  four  drops  of  methyl  orange.*  Neutralize  with  am- 
monia carefully  and  add  ammonium  sulphide  drop  by  drop  with 
constant  stirring  until  a  drop  of  the  solution  gives  a  dark  color- 
ation with  a  drop  of  dilute  ferric  chloride  solution  on  a  porcelain 
plate,  showing  a  slight  excess  only  of  ammonium  sulphide.  The 
liquid  is  now  warmed  on  the  water- bath  until  the  sulphide  has 
settled  and  is  filtered  through  a  double  ribbed  filter.  Under 
these  conditions  a  clear  filtrate  is  invariably  obtained,  but  if 
washing  is  attempted  the  filtrate  is  frequently  cloudy. 

1  C.  F.  McKenna  has  suggested  to  the  author  that  the  addition  of  a  little  paper  pulp 
to  the  solution  prior  to  filtration  will  insure  a  clear  filtrate.  If  some  asbestos  is  stirred 
into  a  cloudy  sine  filtrate  and  the  solution  passed  again  through  the  paper  the  filtrate 
will  generally  be  clear.  But  in  any  case  the  slow  washing  of  the  precipitate  exposes  os 
to  a  loss  through  oxidation. 

9  The  methyl  orange  u.^cd  in  exactly  neutralizing  the  solution  prior  to  the  ferrocya- 
nide titration  and  which  slightly  interferes  with  the  delicacy  of  the  end-reaction,  niay  be 
readily  destroyed  after  the  acidulation  by  pouring  iutothe  beaker  a  little  bromine  vapor 
and  stirring  this  in. 
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We  therefore  dissolve  directly,  without  washing,  in  hot  nitric 
acid  (i  :  3)  or  in  dilute  hydrochloric  acid  if  cobalt  or  nickel  are 
present,  and  correct  the  weight  of  the  oxide  subsequently  found  for 
the  small  amounts  of  lime  or  magnesia  present.  It  is  well  to 
make  a  qualitative  test  for  these  elements  in  the  filtrate  from  the 
sulphide.  If  absent  or  in  small  amount  the  correction  in  the 
weight  of  the  oxide  may  be  omitted. 

The  solution  is  boiled  down  rapidly  in  a  casserole  with  the  ad- 
dition of  nitric  acid  to  expel  chlorides.  When  almost  dry  the 
contents  are  rinsed  into  a  weighed  platinum  dish  or  crucible. 
The  evaporation  is  continued  on  the  water-bath  or  hot  plate  un- 
til dry,  when  the  nitrate  is  ignited  at  the  full  heat  of  theBunsen 
burner.  As  some  zinc  sulphate,  which  is  always  present,  is  not 
decomposed  at  this  temperature,  it  is  necessary  to  break  up  this 
compound  by  intense  ignition  over  the  blast-lamp.  Any  lumps 
should  be  first  broken  up  by  a  blunt  glass  rod.  Ammonium 
carbonate  may  be  used  but  is  liable  to  occasion  some  loss. 

It  may  be  possible,  by  igniting  at  a  low  heat,  to  weigh  the 
zinc  as  sulphate,  after  evaporating  with  sulphuric  acid.  We  are 
working  on  this  now. 

After  weighing,  the  oxide  is  dissolved  in  hydrochloric  acid 
and  the  small  amount  of  iron  always  present  thrown  down  with 
ammonia,  ignited,  brushed  into  the  tared  watch-glass  in  the 
balance  and  weighed  directly.  The  filtrate  is,  acidulated  with 
hydrochloric  acid,  heated  to  boiling,  and  tested  for  sulphates  with 
barium  chloride.  A  slight  precipitate  will  usually  form  but  this 
may,  in  general,  be  neglected  if  the  ignition  has  been  properly 
performed.  If  in  weighable  amount  it  may  be  treated  as  in  the 
case  of  the  iron,  calculated  to  sulphur  trioxide,  and  together  with 
the  ferric  oxide  deducted  from  the  weight  of  the  impure  oxide. 

If  lime  or  magnesia  were  present  the  filtrate  from  the  iron 
should  be  divided  into  equal  parts,  one  of  which  is  tested  for  sul- 
phates and  the  other  for  lime  and  magnesia  by  throwing  out  the 
zinc  as  sulphide,  ^nd  testing  the  filtrate  by  the  ordinary  methods. 
As  a  rule  this  is  unnecessary^  unless  the  lime  or  magnesia  is  present 
in  large  amounts,  for  the  sulphide  is  precipitated  in  dilute  solu- 
tion and  the  amount  of  lime  remaining  in  the  unwashed  sulphide 
would  usually  be  very  small. 

The  correction  for  impurities  may  seem  tedious  but  in  reality 
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it  is  quickly  carried  out.  Richards  has  found  that  zinc  oxide 
obtained  by  the  ignition  of  the  nitrate  contains  a  little  occluded 
nitrogen.  This  would  only  amount  to  a  few  tenths  of  a  milli- 
gram and  may  be  neglected  unless  unusually  accurate  work  is 
called  for. 

For  the  determination  of  zinc  in  alloys  containing  copper,  tin, 
lead,  iron,  and  zinc,  dissolve  in  nitric  acid,  evaporate  to  dryness, 
and  take  up  with  nitric  acid  if  tin  be  present.  Filter  and  separate 
copper  and  lead  simultaneously  by  electrolysis.  The  solution 
jhould  contain  five  to  ten  cc.  concentrated  nitric  acid  in  150  to 
200  cc.  water.  After  removing  and  washing  the  electrodes  car- 
rying copper  and  lead  the  solution  is  evaporated  to  dryness  in  a 
weighed  platinum  dish  and  the  residue  ignited  and  weighed. 
Dissolve  in  hydrochloric  acid  and  separate  the  usually  small 
amount  of  iron  present  by  ammonia.  Ignite,  weigh,  and  deduct 
from  the  weight  of  the  zinc  oxide.  If  nickel  be  present  the 
weight  of  the  combined  oxides  may  be  taken  and  the  nickel 
afterwards  determined,  when  the  zinc  may  be  found  by  differ- 
ence. 

Zinc  in  pure  spelters  is  best  determined  by  difference.  In  im- 
pure samples  it  is  sometimes  more  convenient  and  equally  accu- 
rate to  determine  zinc  directly.  Dissolve  one-half  gram  in 
nitric  acid  and  separate  the  lead  electrolytically  in  a  solution 
carrying  ten  per  cent,  nitric  acid.  Use  the  platinum  cylinder  in 
this  case  to  collect  the  lead  peroxide.  Evaporate  the  solution 
to  dryness  in  a  weighed  dish,  ignite,  and  weigh.  Dissolve  in  a 
little  hydrochloric  acid,  reduce  with  two  to  three  grams  granu- 
lated zinc,  add  sulphuric  acid  to  complete  the  reaction,  dilute 
with  ice  water  to  one  liter,  and  titrate  with  permanganate.  Cor- 
rect for  the  amount  of  iron  found.  If  cadmium,  arsenic,  or  other 
impurities  were  present  in  more  than  traces  the  above  method 
would  be  inapplicable  unless  modified  to  include  treatment  by 
hydrogen  sulphide. 

We  have  not  found  time  to  make  an  extended  series  of 
tests  of  this  method  but,  in  numerous  analyses  of  ores  and  the 
complete  analysis  of  alloys  in  which  in  duplicate  analyses  the 
zinc  was  determined  by  the  well-known  methods,  the  author  has 
convinced  himself  of  the  accuracy  of  the  method. 

Laboratory  op  Rickbtts  and  Banks, 
New  York. 
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1.1609 

.7     1 

.2053 

3     J 

t.2532 

•9 

1.3051 

BAUM^'S  HYDROMBTBR. 


I2L 


•M.  Sp.  KT. 

•B4.   i 

}p.  gT. 

*B€.     Sp.  gr. 

*B«.   ( 

ap.  srr. 

M-0  1.3063 

.6  ] 

[.3628 

.2  ] 

1.4244 

.8  3 

[.4918 

•I  1.3075 

.7  3 

t.3641 

.3   3 

t.4258 

.9  3 

1.4933 

.2  1.3087 

.8  ] 

f.3653 

.4   ] 

[.4272 

48.0  ] 

1.4948 

•3  1.3098 

•9  J 

r.3666 

.5   ^ 

[.4286 

.1  ] 

1.4964 

4   1.3110 

39.0  ] 

t.3679 

.6  ] 

1.4300 

.2  ] 

^4979 

•5  1.3122 

.1  ] 

[.3692 

.7   3 

t.4314 

.3  J 

t.4995 

.6  1.3134 

.2  ] 

f.3705 

.8  ] 

t.4328 

.4  3 

r.5010 

.7  1.3146 

•3  1 

1.3718 

.9  3 

r.4342 

•5  3 

[.5026 

.8  1.3158 

4  1 

f.3731 

44.0  ] 

t.4356 

.6  ] 

[.5041 

.9  1.3170 

.5  3 

^3744 

.1  ] 

1.4371 

.7  3 

f.5057 

35.0  1.3182 

.6  ] 

t.3757 

.2  ] 

r.4385 

.8  ] 

^5073 

•I  1.3194 

.7  J 

^3770 

.3  J 

f.4399 

•9  3 

t.5088 

.3  1.3206 

.8  1 

1.3783 

.4  ] 

1.4414 

49.0  3 

[.5104 

.3  1.3218 

•9  J 

t.3796 

.5  1 

[.4428 

.1  ] 

[.5120 

4  1.3230 

40.0  ] 

[.3810 

.6  ] 

1.4442 

.2  ] 

t.5136 

•5  1.3242 

.1  ] 

^3823 

.7   3 

t.4457 

.3  3 

t.5152 

•6  1.3254 

.2  ] 

:.3836 

.8  1 

[.4471 

.4  3 

1.5167 

.7  1.3266 

•3  1 

^3849 

.9  3 

1.4486 

.5  1 

C.5183 

.8  1.3278 

•4  3 

[.3862 

45.0  ] 

t.4500 

.6  ] 

^.5199 

•9  1.3291 

.5  3 

[.3876 

.1   ] 

1.451S 

.7   3 

C.5215 

36.0  I.33P3 

.6  ] 

t.3889 

.2   ] 

1.4529 

.8  1 

^5231 

•^  1.3315 

.7  1 

[.3902 

.3   J 

t.4544 

•9  i 

^5247 

•2  1.3327 

.8  ] 

[.3916 

.4   J 

^4558 

50.0  ] 

t.5263 

•3  1.3339 

.9  3 

t.3929 

.5   1 

f.4573 

.1  ] 

[.5279 

•4  13352 

41.0  ] 

t.3942 

.6  1 

1.4588 

.2  ] 

^5295 

•5  1.3364 

.1  J 

f.3956 

.7  ^ 

[.4602 

.3  1 

^5312 

.6  1.3376 

.2  ] 

1.3969 

.8  ] 

[.4617 

.4  1 

f.5328 

•7  1.3389 

.3  1 

•3983 

.9  J 

[.4632 

.5   3 

1.5344 

.8  1. 3401 

.4  ] 

t.3996 

46.0  ] 

[.4646 

.6  ] 

^5360 

•9  1.3414 

.5  1 

[.4010 

.1  ] 

[.4661 

.7   3 

f-5376 

37.0  1.3426 

.6  ] 

1.4023 

.2  ] 

t.4676 

.8  ] 

f.5393 

•1  1.3438 

.7  3 

^4037 

•3  ^ 

t.4691 

.9   3 

^5409 

.2  1. 345 1 

.8  ] 

[.4050 

.4  ] 

[.4706 

5I.O  3 

L.5426 

•3  1.3463 

.9  3 

[.4064 

.5  J 

1.4721 

.1  ] 

N5442 

■4  1.3476 

42.0  ] 

[.4078 

.6  ] 

1.4736 

.2  ] 

1.5458 

.5  1.3488 

.1  ] 

1 .4091 

.7  J 

t.4751 

.3   3 

c-5475 

•6  1.3501 

.2   ] 

C.4105 

.8  ] 

[.4766 

.4   1 

^5491 

•7  1.3514 

.3   ^ 

[.4119 

.9  ^ 

r.4781 

.5   3 

t.5508 

.8  1.3526 

.4   ] 

C.4133 

47.0  ] 

r.4796 

.6   1 

[•5525 

•9  1.3539 

.5   ^ 

[.4146 

.1  ] 

[.481 1 

•7   3 

^5541 

38.0  1.3551 

.6  ] 

[.4160 

.2  : 

[.4826 

.8  ] 

^5558 

.1  1.3564 

■7  3 

1.4174 

.3  3 

[.4841 

.9   3 

t-5575 

•2  1.3577 

.8  ] 

[.4188 

.4  ] 

t.4857 

52.0   ] 

f.559i 

.3  1.3590 

.9  3 

[.4202 

.5  3 

t.4872 

.1   ] 

t.5608 

.4  1.3602 

43.0  1 

t.4216 

.6  ] 

[.4887 

.2   ] 

t.5625 

•5  1.3615 

.1  ] 

[.4230 

.7  1 

[.4902 

.3   3 

[.5642 
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•B*.      1 

Sp.  gr.                     '^B€.      J 

5p.  gr.                      'B^.      ! 

5p.  gr.                     'B^.      Sp.  gr. 

4     1 

^•5659 

8     1 

r  .6440 

2     1 

^7303 

6    ] 

[.8262 

.5     J 

[.5676 

9    1 

^6459 

.3    J 

^7324 

7     I 

1.8285 

.6    ] 

1-5693                57 

.0    ] 

[.6477 

4     1 

r.7344 

8    ] 

1.8308 

.7     3 

[.5710 

.1     ] 

1.6496 

•5     3 

^7365 

9     1 

[.8331 

.8    ] 

N5727 

,2     ] 

^65 15 

.6     ] 

[.7386                 66. 

0    ] 

N8354 

9     ^ 

^5744 

•3     3 

1.6534 

■7     1 

r.7407 

.1     ] 

^.8378 

53 

.0    ] 

t.5761 

.4     1 

f.6553 

.8     ] 

[.7428 

2     1 

[.8401 

.1     ] 

1.5778 

'5     J 

[.6571 

■9     ^ 

1.7449 

•3    1 

[.8424 

.2     1 

'•5795 

.6     ] 

t.6590                62 

.0    ] 

1.7470 

.4     J 

[.8448 

3     3 

[.5812 

■7     1 

[.6609 

I     ] 

[.7491 

5     J 

[.8471 

•4     1 

1.5830 

.8     ] 

[.6628 

.2     ] 

t.7512 

.6    ] 

1.8495 

'5     ^ 

1.5847 

9     3 

[.6648 

.3     3 

f.7533 

.7     1 

t.8519 

6     1 

t.5864                 58 

.0     J 

[.6667 

.4     3 

r.7554 

.8    ] 

C.8542 

■7     ^ 

t.5882 

.1     ] 

[.6686 

.5     ] 

^7576 

9    I 

[.8566 

.8     ] 

'•5899 

.2     ] 

[.6705 

.6    J 

^7597                67. 

.0    ] 

1.8590 

•9    3 

t.5917 

.3     J 

[.6724 

■7    3 

[.7618 

I     ] 

[.8614 

54 

.0    ] 

1.5934 

.4     ] 

[.6744 

.8    1 

[.7640 

.2     ] 

[.8638 

I     ] 

'•5952 

.5     J 

[.6763 

9    1 

[.7661 

•3     3 

[.8662 

,2    ] 

^5969 

.6     ] 

[.6782                  63 

.0    ] 

[.7683 

.4     1 

[.8686 

3     ^ 

1.5987 

7     I 

[.6802 

.1     ] 

r.7705 

.5     ] 

[.8710 

4     3 

[.6004 

.8     ] 

[.6821 

.2     ] 

[.7726 

6     ] 

t.8734 

•5     3 

[.6022 

9    3 

[.6841 

■3    3 

[.7748 

.7     3 

r.8758 

.6     1 

[.6040                 59 

.0    ] 

[.6860 

.4    ] 

[.7770 

.8     ] 

r.8782 

7     ] 

t.6058 

.1     ] 

[.6880 

.5     3 

r.7791 

•9    3 

t.8807 

.8    ] 

[.6075 

.2     1 

[.6900 

6    ] 

[.7813                 68 

.0    ] 

[.8831 

9    3 

f.6093 

.3     ] 

[.6919 

.7     3 

t.7835 

.1     1 

[.8856 

S5 

0    ] 

r.6iri 

4     J 

^.6939 

8    ] 

^7857 

2     ] 

.8880 

I     ] 

[.6129 

5     ' 

f.6959 

9    ^ 

[.7879 

■3    ^ 

1.8905 

.2     ] 

[.6147 

.6     1 

1.6979                 64 

.0    ] 

t.7901 

.4    3 

[.8930 

3     3 

[.6165 

7     1 

[.6999 

.1     ] 

f.7923 

5     3 

1. 8954 

.4     3 

r.6183 

.8    ] 

[.7019 

.2     ] 

[.7946 

.6    ] 

t.8979 

5     3 

[.6201 

'9    3 

^7039 

.3     3 

[.7968 

■7    3 

[.9004 

.6     ] 

[.6219                60 

.0    ] 

1.7059 

.4     ^ 

[.7990 

.8    ] 

[.9029 

7    J 

[.6237 

I     ] 

[.7079 

■5     3 

t.8oi2 

9    1 

^9054 

8     ] 

[.6256 

.2     ] 

1.7099 

.6     ] 

[.8035          69 

.0    ] 

r.9079 

9     3 

t.6274 

-3     1 

r.7119 

.7     1 

[.8057 

.1     ] 

[.9104 

56. 

0    ] 

[.6292 

.4     ] 

^7139 

.8     ] 

t.8o8o 

.2     ] 

[.9129 

I     ] 

[.6310 

5     1 

[.7160 

9     3 

[.8102 

.3     3 

t.9155 

2     ] 

[.6329 

6     ] 

[.7180                 65 

.0    ] 

[.8125 

.4     ] 

r.9180 

3     3 

t.6347 

7     1 

[.7200 

.1     ] 

[.8148 

.5     ^ 

t.9205 

4     1 

t.6366 

8    1 

[.7221 

2     ] 

[.8170 

.6 

1 .9231 

5     1 

1.6384 

9     1 

[.7241 

3     ^ 

[.8193 

■7     ] 

[.9256 

6     ] 

[.6403                61. 

0     ] 

[.7262 

.4     1 

[.8216 

.8    ] 

[.9282 

7     J 

[.6421 

I     ] 

[.7282 

5     1 

[.8239 

70 

•9    ^ 
.0    1 

1.9308 
1.9333 

BAUMfe'S 

HYDROMETER. 

123 

•K. 

Sp.  gr. 

•B^. 

Sp.  gr. 

•B6.     Sp.  grr. 

•B^.       ! 

3p.  gr 

0 

1 .0000 

f     ] 

t.0413 

*     I 

.0861 

f      ^ 

t.1350 

\ 

1.0009 

[.0422 

i   I 

.0872 

i    ^ 

[.I361 

1 .001 7 

6      : 

[.0432 

5    I 

.0882 

t   ^ 

1-1373 

i 

1.0026 

i     ^ 

[.0441 

.0892 

S        1 
8        J 

[.1384 

j 

IOO35 

*    1 

1.0450 

12         I 

.0902 

^        1 

C-I395 

1.0043 

f-    > 

[.C460 

i  I 

•0913 

[.1406 

1.0052 

1    ' 

[.0469 

^        T 

.0923 

18    I 

1.1417 

i 

1 .0061 

•'>         1 

t.0479 

f    I 

•0933 

J  1 

[.1428 

I 

1.0069 

S    1 

[.0488 

J    I 

•0943 

i  1 

[.1440 

i 

1.0078 

i     1 

[.0498 

.0954 

i   > 

[.1451 

J 

1.0087 

7      1 

[.0507 

1      I 

.0964 

t   1 

[.1462 

J 

1.0096 

i     1 

[.0517 

.0974 

[.1474 

\ 

1 .0105 

1     1 

[.0526 

13      I 

.0985 

f^       1 

[.1485 

I.OII3 

i    1 

[.0536 

i     I 

•0995 

i   1 

[.1496 

1 

1 .0122 

1    • 

1.0545 

■»     _ 

.1006 

19     ] 

[.1508 

t 

[.OI3I 

5 

1 .0555 

9        * 

.1016 

i    ) 

t.1519 

2 

[.0140 

s  > 

[.0565 

*    I 

.1027 

1    1 

M53I 

i 

t.0149 

J  1 

f.0574 

f    > 

.1037 

it    < 

t.1542 

»  1 

[.0158 

8      1 

[.0584 

f^          T 

.1048 

*   > 

f.»554 

}  1 

[.0167 

i    1 

t.0594 

.1058 

^•1565 

1  1 

t.0175 

if    1 

[.0603 

14       I 

.1069 

S       1 

t.1577 

i     ^ 

[.0184 

J     > 

1.0613 

i     < 

.1079 

*> 

M588 

f  ) 

[.0193 

i  1 

t.0623 

J     I 

.1090 

20          ] 

[.1600 

t  1 

1.0202 

i  1 

[.0632 

f     I 

.1100 

1        1 

[.1612 

3     > 

[.021 1 

f   < 

[.0642 

i  I 

.1111 

if    1 

[.1623 

1    1 

[.0220 

i  1 

[.0652 

i  1 

.1122 

i   1 

ti635 

f    1 

.0229 

9    1 

[.0662 

8  t 

.1132 

i   1 

r.1647 

\    ' 

.0238 

i  1 

[.0672 

.1143 

[.1658 

J    1 

.0247 

*  1 

[.0681 

15       I 

•I  154 

f  1 

[.1670 

)    I 

.0256 

i  > 

[.0691 

i     I 

.1165 

^ 

i     1 

[.1682 

i    1 

.0265 

*  1 

[.0701 

i    X 

.1175 

21       ] 

M694 

m 

i    1 

-0275 

f  1 

[.071I 

i    I 

.1186 

i     ^ 

[.1705 

4     1 

.0284 

i  > 

[.0721 

^    I 

.1197 

*     J 

[.1717 

i    1 

.0293 

J  1 

[.0731 

">           T 

.1208 

f    ^ 

[.1729 

i  1 

.0302 

10    J 

t.0741 

1      I 

.1219 

^     1 

[.1741 

I   ^ 

.0311 

i  1 

[.0751 

.1229 

■J  1 

t.1753 

1   I 

.0320 

*  1 

[.0761 

16               I 

.1240 

S    1 

[.1765 

1  I 

.0329 

jl   1 

[.0771 

* 

.1251 

»■ 

i     1 

[.1777 

i  I 

•0339 

J   I 

[.0781 

">           _ 
■s         T 

.1262 

22       1 

[.1789 

i    I 

.0348    '• 

•'>      1 

[.0791 

•3          T 

■1273 

^     1 

[.1801 

5     I 

•0357 

f      ^ 

r.o8oi 

i   I 

.1284 

i   1 

M813 

1    I 

.0366 

♦   1 

[.081 1 

'>           T 

.1295 

1   1 

:.i825 

i    I 

.0376 

II     1 

[.0821 

.1306 

i   1 

[.1837 

1    I 

■0385 

i   1 

f.0831 

*       I 

■I3I7 

[.1849 

1    1 

.0394 

if   ) 

[.0841 

17          I 

.1328 

f          J 

[.1861 

}    I 

.0404 

f   1 

[.0851 

i       I 

•1339 

J         I 

[.1873 
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•B6. 

Sp.gT. 

•B*. 

Bp.  gr. 

•B^. 

8p.  gr. 

•B«. 

Sp.  gT. 

23 

1. 1885 

1.2473 

X.3122 

1.3843 

1.1897 

1.2487 

I.3137 

1.3859 

I.I9IO 

29 

1.2500 

I.3152 

1.3876 

1. 1922 

'.2513 

X.3X67 

1.3^ 

1. 1934 

1.2527 

35 

X.3182 

1.3909 

1. 1946 

1. 2541 

X.3197 

1.3926 

1. 1959 

«.2554 

X.3212 

41 

1.3942 

I.I97I 

1.2568 

1.3227 

1.3959 

24 

1. 1983 

1. 2581 

1.3242 

1.3976 

I.I996 

1.2595 

1.3257 

1.3993 

T.2OO8 

30 

1.2609 

1.3272 

I.4OIO 

1. 2021 

1.2622 

1.3288 

1.4027 

1.2033 

1.2636 

36 

1.3303 

1.4044 

1.2046 

1.2650 

I.3318 

I. 4061 

X.2O58 

X.2664 

1.3333 

42 

1.4078 

X.2O7I 

X.2678 

1.3349 

1.4095 

25 

1.2083 

X.2691 

1.3364 

1.41X2 

1.2096 

X.2705 

1.3379 

X.4I29 

1. 2109 

31 

X.2719 

X.3395 

1.4146 

I.2I2I 

1.2733 

I.34IO 

I. 4164 

I.2I34 

1.2747 

37 

1.3426 

X.418I 

I.2147 

1.276X 

X.3441 

I. 4198 

1. 2159 

1.2775 

1.3457 

43 

I.4216 

I.2172 

1.2789 

1.3473      - 

1.4233 

26 

I.2185 

1.2804 

'     1.3488 

I.425I 

X.2I98 

1.2818 

1.3504 

1.4268 

I.22IX 

32 

X.2832 

1.3520 

X.4286 

1.2223 

1.2846 

1.3536 

1.4303 

1.2236 

1.2860 

38 

1. 355 1 

1^21 

1.2249 

1.2875 

1.3567 

1.4339 

1.2262 

X.2889 

1.3583 

44 

1.4356 

1.2275 

1.2903 

1.3599 

X.4374 

27 

1.2288 

1. 2918 

X.3615 

1.4392 

1. 2301 

1.2932 

1.3631 

I.44IO 

1.23X4 

33 

1.2946 

1.3647 

1.4428 

1.2327 

1. 2961 

1.3663 

1.4446 

1.2340 

X.297S 

39 

1.3679 

1.4464 

X.2,W 

.1.2990 

\    1.3695 

1.4482 

1.2367 

1.3004 

X.3712 

45 

1.4500 

1.2380 

1. 3019 

[     1.3728 

■ 

1.4518 

28 

1.2393 

1.3034 

1.3744 

1.4537 

1.2406 

1.3048 

\    1.3760 

1.4555 

1.2420 

34 

1.3063 

1.3777 

1.4573 

1.2433 

1.3078 

1.3793 

1. 4591 

1.2446 

1.3093 

40 

1.3810 

1. 4610 

1.2460 

X.3107 

i 

^     X.3826 

1.4628 
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•B6.     Sp.  gT. 

•B*.      ! 

Sp.  gr. 

•B^.      1 

Sp.  grr. 

'M.     i 

3p.  srr. 

46      1.4646 

1.5550 

t      J 

r.6571 

i     3 

t.7737 

\    1.4665 

».5570 

f      3 

^6595 

f     1 

[.7764 

1    14684 

52    ] 

f-5591 

f      1 

[.6619 

i   3 

f.7791 

1    1.4702 

[.5612 

}      J 

[.6643 

i  1 

1.7819 

t    ».472I 

^5633 

58        1 

[.6667 

i  1 

[.7846 

}    1.4739 

s* 

1.5655 

*      ^ 

[.6691 

I  3 

[.7874 

1    1.4758 

r.5676 

i    3 

[.6715 

64    1 

[.7901 

J    1-4777 

f.5697 

1    ^ 

1.6739 

i  1 

[.7929 

47     1.4796 

1.5718 

}    ^ 

t.6763 

i   3 

f.7957 

\    1.4815 
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THE  DETERMINATION  OF  ARSENIC  IN  GLYCERINE. 

By  a.  C.  Lahgmuir. 
Received  October  as,  itgt. 

THE  presence  of  arsenic  in  glycerine  is  probably,  by  this 
time,  well  known  to  chemists.  Several  have  described  its 
detection  qualitatively.  Barton,'  however,  was  the  first  to  esti- 
mate it  quantitatively.  Barton's  method,  which  was  applied  on 
C.  P.  glycerines  only,  consists  in  the  charring  of  five  grams  of 
the  glycerine  with  sulphuric  and  nitric  acids,  the  production  of 
a  mirror  in  the  Marsh  apparatus,  and  the  comparison  of  the  mir- 
ror so  obtained  with  a  standard  mirror  according  to  Sanger's 
method.* 

As  it  is  impossible  to  draw  an  accurate  comparison  if  the 
mirrors  weigh  over  o.d6  milligram,  a  suitable  aliquot  part  of  the 
solution  must  be  taken,  in  order  to  obtain  a  mirror  weighing 
less  than  this  amount.  This  requires  some  experimenting  on 
the  part  of  the  analyst,  which  becomes  very  tedious  if  the  glyc- 
erine be  high  in  arsenic. 

These  considerations  led  the  author  to  abandon  the  method 
and  adopt  a  modification  of  Polenske's  process,'  suitable  to  the 
case  at  hand.  The  method  as  described  by  Polenske  is  accurate 
with  quantities  of  arsenic  up  to  four  to  five  milligrams.  As  in 
glycerine  analysis  the  amount  of  arsenic  in  the  portion  taken 
rarely  exceeds  one  milligram,  the  apparatus  may  be  materially 
simplified. 

For  analysis  we  take  fifteen  to  twenty  grams  of  a  crude  soap 
lye  glycerine  and  twenty-five  to  thirty  grams  of  a  saponification 
orC.  P.  glycerine.  With  dilute  glycerines  an  amount  is  taken 
which  would  yield  the  requisite  weight  upon  evaporation.  The 
weighed  sample  is  made  up  to  lOO  cc.  with  hot  water  and  rinsed 
into  a  capacious  casserole,  containing  a  mixture  of  200  cc.  of 
concentrated  nitric  acid  and  twelve  cc.  concentrated  sulphuric 
acid.  Cover  and  heat  gently  in  the  hood  until  the  action  starts. 
Remove  the  flame  and  wait  until  the  violence  of  the  reaction  is 
over,  then  boil  down  slowly  over  a  low  flame  until  dense  fumes 
of  sulphuric  acid  appear.     Raise  the  Heat  at  the  end  to  expel 

1  Thi«  Joanial..x7«  883. 

*  Froc,  Am.  Acad.  Set.,  /8gr,  s6,  74. 

•  Ckem.  CenirM.  (,1889),  60,  [a1.  58. 
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the  last  traces  of  nitric  acid.  If  the  concentration  has  been  a 
slow  one  (four  to  five  hours)  the  organic  matter  will  generally 
be  entirely  oxidized.  If  the  acid  turns  brown,  however^  from 
the  charring  of  organic  matter  it  is  well  to  boil  for  some  time 
longer  to  complete  the  oxidation.  There  is  no  danger  of  losing 
any  arsenic  by  this  treatment.     Cool  and  dilute  to  fifty  cc. 

About  forty  grams  of  coarsely  granulated  zinc  are  placed  in 
the  generating  flask  of  the  Marsh  apparatus.  A  75  to  100  cc. 
stop-cock  funnel  pierces  the  stopper.  The  escaping  gas  is 
passed  through  a  wash-bottle  containing  a  five  per  cent,  lead 
nitrate  solution  to  remove  any  hydrogen  sulphide  and  is  dried 
by  passing  through  a  calcium  chloride  tube.  A  tube  of  hard 
glass  about  ten  inches  long  and  with  an  inside  diameter  of  ten 
to  twelve  mm.  is  heated  near  one  end  and  drawn  out  at  that 
point  to  a  tube  with  a  diameter  of  one  to  one  and  a  half  mm. 
This  section  serves  to  catch  the  metallic  arsenic  deposited.  Of 
the  large  sections  the  longer  is  heated  by  two  Bunsen  burners. 
To  prevent  sagging  it  is  well  to  protect  this  part  of  the  tube 
with  a  roll  of  copper  gauze  wrapped  around  it.  The  shorter 
section  at  the  end  of  the  tube  holds  a  slip  of  filter-paper  moist- 
ened with  a  saturated  solution  of  mercuric  chloride.  This 
serves  to  detect  the  presence  of  any  hydrogen  arsenide  which 
might  pass  the  burners  undecomposed. 

After  making  connections  ten  cc.  of  twenty  per  cent,  sul- 
phuric acid  is  run  into  the  flask.  When  the  air  has  been 
entirely  displaced  rinse  the  solution  to  be  tested  into  the  stop- 
cock funnel,  light  the  burners  and  run  the  solution,  drop  by 
drop,  on  the  zinc  at  such  a  rate  that  not  more  than  two  bubbles 
a  second  pass  the  lead  nitrate  wash-bottle. 

If  the  mercuric  chloride  paper  should  at  any  time  show  a  yel- 
lowish tint  the  solution  should  be  run  in  more  slowly.  If  the 
size  of  the  mirror  shows  that  a  considerable  amount  of  arsenic  is 
present,  it  is  well  to  add,  at  the  end,  a  little  stannous  chloride 
dissolved  in  hydrochloric  acid.  In  any  case  add  a  few  cubic 
centimeters  of  dilute  acid  after  the  entire  solution  has  been  run 
in  to  expel  hydrogen  arsenide  remaining  in  the  flask. 

The  section  carrying  the  mirror  is  separated  by  a  file  and 
carefully  weighed  on  an  assay  gold  balance  within  o.oi  milli- 
gram.    This  can  be  readily  done,  as  the  weight  of  the  tube   sel- 
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dom  exceeds  300  milligrams.  The  arsenic  is  dissolved  by  dip- 
ping the  tube  into  hot  dilute  nitric  acid,  and  after  washing  and 
drying  the  weight  is  taken  again,  the  difference  being  the  weight 
of  the  arsenic  forming  the  mirror.  The  zinc  and  acids  used 
should  not  form  a  perceptible  mirror  after  running  the  apparatus 
three  quarters  of  stn  hour.     The  following  results  were  obtained : 

Arsenic  taken.  Arsenic  found. 

Millig^rams.  Milligrams. 

0.20  0.17 

0.50  0.45 

0.75  0.68 

Several  C.  P.  glycerines  were  found  to  be  free  from  arsenic. 
Arsenic  was  found  in  a  majority  of  saponification  gljxerines. 
These  averaged  about  0.00018  to  0.00030  per  cent.  A  number 
of  crude  soap-lye  glycerines  gave  percentages  lying  between 
0.00064  ^^^  0.0 1. 

A  very  fair  idea  of  the  arsenic  contents  may  be  gained  by 
Gutzeit's  testj  using  mercuric  chloride  instead  of  silver  nitrate. 
Two  cc.  of  glycerine  are  run  into  a  five-inch  test-tube  and 
diluted  with  four  cc.  of  water  ;  a  piece  of  granulated  zinc  is 
added  and  suflScient  hydrochloric  acid  to  just  start  the  reaction. 
The  tube  is  then  quickly  closed  by  a  cork  whose  lower  end 
is  covered  with  a  seven  cm.  filter-paper.  The  paper  is  wrapped 
around  the  cork  so  that  it  rests  smoothly  against  the  lower  end. 
This  part  is  moistened  with  two  drops  of  a  saturated  solution  of 
mercuric  chloride.  The  hydrogen  escapes  through  the  creases 
between  the  paper  and  the  tube.  The  evolution  of  hydrogen 
should  be  fairly  brisk  but  not  too  violent. 

After  standing  ten  minutes  the  cork  and  paper  are  removed. 
The  latter  is  spread  out  and  examined.  A  yellow  stain  in  the 
shape  of  a  circle  with  a  diameter  equal  to  the  end  of  the  cork  is 
formed  if  arsenic  were  present.  With  very  impure  glycerines 
the  color  is  brown.  The  papers  carrying  the  stains  may  be 
marked  and  kept  as  records  for  future  comparisons.  The  color 
is  fairly  permanent.  By  comparing  the  yellow  stain  produced 
by  the  glycerine  under  examination  with  a  series  of  standards 
prepared  by  running  the  same  test  on  portions  of  a  solution  of 
arsenic  (one  milligram  in  100 cc),  the  per  cent,  of  arsenic  can 
be  gauged  quite  accurately  after  a  little  practice.  The  color  is 
quite  distinct  with  o.oi  milligram  of  arsenic  and  is  still  percepti- 
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ble  with  0.0025  milligram.  If  the  latter  amount  were  present  in 
two  cc.  glycerine  (sp.  gr.  1.26)  the  per  cent,  of  arsenic  present 
would  be  o.oooio  which  would  be  about  the  limit  of  delicacy  by 
this  test 

Gutzeit's  test  using  silver  nitrate  was  found  to  be  very  unsat- 
isfactory. It  is  very  difficult  to  form  any  idea  as  to  the  amount 
of  arsenic  present  from  the  intensity  of  the  color  in  this  case. 
The  silver  nitrate  is  also  so  easily  affected  by  impurities  in  the 
zinc  and  acid  other  than  arsenic  that  any  conclusion  as  to  the 
presence  of  the  latter  should  be  drawn  with  great  caution. 

In  view  of  the  rapidity,  delicacy,  and  accuracy  of  Gutzeit's 
test,  using  mercuric  chloride,  it  is  difficult  to  understand  why 
the  more  laborious  Marsh  test  should  still  hold  its  own  as  a 
qualitative  test  for  arsenic. 

i^aboratory  op  rickbttb  &  banks, 
New  York. 
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THE  imido  ethers,  oxygen  ethers  of  ordinary  acid  amides  or 
anilides,  have  since  their  discovery  by  Pinner  in  1883 
been  exhaustively  investigated  in  many  directions  on  account  of 
their  remarkable  reactivity. 

In  1894,  the  first  representative  of  the  oxygen  ethers  of  a 
simple  urea,  ethyl  isocarbanilide 


C.H.NHC 


< 


NC.H. 


was  prepared  by  Lengfeld  and  Stieglitz.*  They  found  that  when 
carbodiphenylimide  was  heated  to  180°  in  a  sealed  tube  with 
absolute  alcohol,  it  added  the  alcohol  quantitatively  forming 
ethylisodiphenylurea. 

C.H.Kv  C.H.NH 

^  +  C,H,OH  =  >C— OC.H.. 

^•"*^  C.H.N 

A  little  latter  they  discovered*  that  the  ethylisodiphenylurea 

1  Ber.  d.  ckem.  Ges.,  a?,  926.  ^ 

*  Am.  Chem.J.t  17,  iia. 
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could  be  prepared  without  the  use  of  sealed  tubes  by  the  action 
of  sodium  ethylate  upon  the  hydrogen  chloride  addition-product 
of  carbodiphenylimide 

(C.H.NH)C(C.H,N)C1  +  NaOC.H,  - 

(C,H,NH)C  :(NC.H,)OC.H,  +  NaCl. 

It  was  finally  shown  by  Stieglitz*  that  the  isocarbanilide  ethers 
could  be  made  in  a  very  simple  way  by  the  action  of  sodium 
ethylate  on  the  alcoholic  solution  of  the  carbodiphenylimide. 
Alcohol  is  taken  up  in  the  cold  with  great  ease  under  these 
conditions,  while  in  the  absence  of  sodium  ethylate  no  addition 
occurs  at  ordinary  temperatures,  the  diimide  polymerizing  to 
C,(NC,H,),.« 

These  investigations  having  dealt  chiefly  with  the  devising 
of  methods  for  preparing  isourea  ethers,  at  the  suggestion,  and 
under  the  direction,  of  Dr.  Stieglitz,  the  investigation  of  the 
physical  constants  and  particularly  of  the  chemical  behavior  of 
this  new  class  of  compounds  was  undertaken  by  me.  The 
isourea  ethers  seemed  unusually  interesting  subjects  for  study, 
since  according  to  their  constitution  they  are  at  the  same  time 
amidines  and  imido  ethers. 

Ethylisodipbenyluriea  has  the  amidine  grouping,  ^(NCjHJ- 
(NHC^Hj),  and  can  be  called  ethoxydiphenylformamidine.  It 
also  possesses  the  characteristic  imido  ether  group,  C:(NCgHJ- 
(OC,H,),  and  hence  can  be  regarded  as  anilidophenylimido- 
fonnic  ether.  These  ethers  resemble  also  the  corresponding 
isotfaiourea  ethers 

RNHC^       , 
^SR 

which  are  more  easily  prepared  and  which  were  consequently 

discovered,'  and  investigated  earlier  than  the  oxygen  derivatives. 

The  most  striking  results  that  have  been  brought  out  in  this 

investigation  are  less  in  the  resemblances  shown  to  exist  between 

the  above  groups  of  compounds  and  the  isourea  ethers,  than  in 

the  surprising  discovery,  how  deeply  the  nature  of  the  bodies  is 

modified  by  the  combination  of  the  two  typical  amidine  and 

imido  ether  groups  in  the  same  molecule. 

1  Ber.  d.  ckem.  Gts.,  aS,  573. 

>  Ihid,,  »7.  ia83 ;  sS,  X004. 

•/«i..  n,  io6x ;  14, 1490 ;  X5. 338. 
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For  instance  the  imido  ethers  belong  to  a  remarkably  active 
class  of  compounds, — a  fact  illustrated  by  the  two  following 
typical  reactions.  Aniline  converts  imido  ethers  easily  and 
smoothly  into  amidines  according  to  I. 

I.    RC^       +  C.H.NH,  -  RCr^  +  ROH. 

^OR  ^NHC.H. 

Dilute  acids  readily  decompose  the  imido  ethers  even  in  the 
cold,  forming  amines  and  ethers  as  in  II. 

^NR 

II.'  RCr        +  HCl  +  HOH  -  RCOOR  +  RNH.HCl. 
^OR 

These  investigations  have  proved  clearly  and  without  question, 

the  fact  that  the  isodialphylurea  ethers  give  neither  one  of  these 

typical  reactions.     The  detailed  description  of  their  behavior 

will  show  that  they  form  a  new  class  of  compounds  resembling 

in  many  features  the  amidines,  imido  ethers,  and   isothiourea 

ethers,  but  still  differing  in  a  number  of  fundamental  points 

from  these  classes  of  compounds. 

Besides  the  study  of  the  chemical  reactions  of  these  isoureas 

^NR 
Alk.O— Cr^ 

^NHR 

the  methods  of  preparing  them  were  tested  as  to  their  range  of 
applicability,  especially  where  R  isr  an  alphyl  group. 

Finally  as  a  step  forward  in  ascertaining  what  effect  a  change 
in  the  nature  of  R  had  upon  the  properties  and  reactions  of  the 
urea  ethers,  R  was  made  carbethoxy  ( — COOC,HJ.  Ethoxy- 
dicarbethoxyurea  was  prepared  by  a  fourth  method;  namely, 
from  the  silver  salt  of  dicarbethoxyurea,  a  method  of  synthesis 
used  in  the  preparation  of  imido  ethers  by  Tafel  and  Enoch,* 
Comstock  and  Wheeler,'  and  others,  but  which  has  hitherto 
failed  when  applied  to  ordinary  ureas.  The  study*  of  these  new 
isourea  ethers  has  shown  how  profoundly  a  change  in  the  nature 
of  R  modifies  the  chemical  nature  of  the  isoureas. 

1  A  secondary  reaction  sometimes  occurs  due  to  the  fact  that  the  amine  formed  may 
react  with  some  unchanged  imido  ether  as  in  I. 

8  Ber.  d.  chem.  Ges.,  23,  103,  1550. 

*  Am.  Chem.  J.,  18,  i. 

4  The  investigation  of  the  oxygen  ethers  of  aliphatic  ureas  and  carbamide  wiH  be 
continued  in  this  laboratory  under  the  direction  of  Dr.  Stieglitx. 
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Experimental  Part. 

I.    PREPARATION     AND    PROPERTIES  OF    ETHERS  OF  ISOALPHYL- 

UREAS. 

The  first  etliers  synthesized  were  derivatives  of  ^-carboditolyl- 
imide,  C,H,N=C=NC,H,. 

Will  and  Bielschauski*  first  prepared  this  body  by  the  decom- 
position of  i?-tolyliraido-^-tolylthiomethylcarbamate, 

C,H,N=C< 

This,  w^hen  Heated,  loses  mercaptan.  They  also  obtained  it  by 
desulphurizing  di-<?-tolylthiourea  with  mercuric  oxide  in  boiling 
benzene.  It  vjras  described  by  them  as  an  oil  soluble  in  benzene 
and  boiling  over  300**. 

The  diiniide  used  was  prepared  by  this  latter  method,  using 
carefully  purified  benzene,  pure  dry  thiourea  and  yellow 
mercuric  oxide  dried  at  140"*.  Lead  oxide  gives  poorer  results 
when  used  as  a  desulphurizing  agent. 

When  freshly  prepared,  ^-carboditolylimide  is  a  pale  yellow 
oil  boiling  at  the  following  temperatures ; 

Temperature. 

15  mm 200^ 

24  mm  208 

2^  mm 213 

34  mm 223 

• 

Xlie  index  of  refraction  determined  with  an  Abbe  refractom- 
eter  is  1.624  at  the  room  temperature. 

Xlie  diimide  does  not  long  remain  an  oil  but  soon  polymerizes, 
becoming  first  sticky,  then  semisolid,   and  finally  a  white  solid. 
Tliere   are  certain  practical  difficulties  attending  the  prepara- 
tion of  the  isourea  ethers  from  the  diimides,  in  a  pure  condition. 
Xl:ie    carbodiimide  must  be  freshly  prepared,  since  any  polym- 
erization that  has  occurred  lessens  the  yield  of  the  ether,  and 
increases  the  difficulty  of  purification.     All  moisture  must  be 
carefully  excluded  to  prevent  formation  of  dialphylurea. 

Physically  these  ethers  are  oils  that  must  be  isolated  by 
fractionation  in  vacuo  with  this  disadvantage ;  their  boiling- 
points  are  high  and  near  that  of  the  original  diimide.     They  are 

t  Ber.  d.ch£m,  Ges.^  15,  13x6. 
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best  separated  from  the  diimide  by  allowing  the  latter  to  polym- 
erize by  standing,  and  then  extracting  with  ligroin.  This  dis- 
solves the  urea  ethers  alone,  the  solid  polymer  being  entirely 
insoluble  in  that  solvent. 

Methylisodi'O'iolylurea   (o- Tolylimido-O'tolylmethyl  Carbamate)^ 

y>NHC,H, 
C,H,NH— C^ 

^OCH. 

One  molecule  of  ^-carboditolylimide  was  heated  for  three  hours 
at  iSo^^-igo"  with  a  slight  excess  of  absolute  methyl  alcohol. 

C,H,NH  ' 
(C,H,N:),C+  CH,OH-  \c— OCH.. 

The  tube  opened  without  pressure  and  the  oily  product  was 
allowed  to  stand  in  a  desiccator  for  three  days.  If  unchanged 
carboditolylimide  was  present  it  polymerized  and  became 
insoluble  in  ligroin  while  the  urea  ether  remained  soluble.  On 
distilling  the  ligroin  extract,  there  was  obtained  besides  traces 
of  £?-carbtoluide  and  <?-carboditolylimide,  the  pure  methyl  ether 
boiling  at  218**  at  twenty-nine  mm.     Analysis  : 

1.  0.2414  gram  substance  gave  0.6663  gram  carbon  dioxide 
and  0.1598  gram  water. 

2.  0.4514  gram  substance  gave  45.3  cc.  moist  nitrogen  at  23** 
and  747  mm. 

Calculated  for  C14H I (NjO.  Found. 

Carbon 75.59  75.27 

Hydrogen 7.09  7.36 

Nitrogen 11.02  11. 17 

The  yield  is  nearly  quantitative.  The  same  ether  was  pre- 
pared by  a  second  method  :  the  action  of  sodium  methylate  in 
methyl  alcohol  solution  upon  the  ^^-carboditolylimide.  Thirty- 
five  grams  of  diimide  dissolved  in  two  volumes  of  absolute 
methyl  alcohol  were  added  slowly  to  a  solution  of  five  grams  of 
sodium  in  seventy-five  cc.  methyl  alcohol,  the  whole  being  well 
cooled  in  a  freezing  mixture. 

After  standing  over  night  a  current  of  carbon  dioxide  was 
passed  through  it.  Water  was  then  added,  the  resulting  oil 
extracted  with  ether,  dried  over  sodium  sulphate,  and  distilled. 
Twenty-four  grams  of  pure  methyl  ether  were  obtained. 
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When  freshly  prepared,  raethylisodi-^tolylurea  is  a  colorless  oil 
boiling  at  the  following  temperatures  : 

Temperature. 

II  mm 199° 

18  mm 206 

29  mm 218 

32  mm • 225 

The  index  of  refraction  is  1.592  at  the  room  temperature.  In 
a  freezing  mixture  the  oil  did  not  solidify  but  became  thick  and 
viscid.  However,  on  standing  a  number  of  months  a  specimen  was 
found  to  have  crystallized  in  long  blunt  needles  radiating  from 
a  common  center.  It  then  melted  at  48.5^  but  otherwise 
exhibited  all  the  characteristics  of  the  oil.  Methyliso-£?-carbtol- 
aide  is  soluble  in  ordinary  neutral  organic  solvents,  insoluble 
in  water,  and  soluble  in,  and  more  or  less  rapidly  decomposed 
by,  acids  such  as  hydrochloric  and  acetic. 

Action  of  Hvdrogen  Chloride  (Methylisodi-o-tolylureaHydrochlo- 

C,H,NHv     yCl 

(C,H,NH)C  :  (NC,H,)0CH,.HC1. 

When  an  ice-cold  benzene  solution  of  the  methyl  ether  was 
saturated  with  dry  hydrogen  chloride,  there  was  formed  an 
immediate  white  crystalline  precipitate.  This  was  filtered  off 
with  the  aid  of  a  pump  and  dried  on  a  clay  plate  in  a  vacuum 
desiccator  over  sulphuric  acid,  stick  potash,  and  vaseline.  Anal- 
ysis : 

0.1776  gram  substance  gave  0.0885  gram  silver  chloride  (Car- 

ius). 

Calculated  for  C|«H|»N,OCl.  Pound. 

Chlorine 12.20  12.38 

Methylisodi-^-tolylurea  hydrochloride  is  a  white  crystalline 
solid,  insoluble  in  ether,  benzene,  and  ligroin.  On  exposure  to 
the  air  it  is  slowly  decomposed  by  the  moisture  leaving  a  residue 
of  o-carbtoluide.  When  heated  with  water  the  same  decompo- 
sition is  rapidly  effected.  In  this  it  differs  from  the  hydrochlo- 
ride of  an  ordinary  imido  ether. 

For  instance  benzimidoethylether  hydrochloride, 

C,H.C(NH)OC,H„HCl, 
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is  readily  saponified  b}'  moisture,  the  products  being  ammonium 
chloride  and  ethyl  benzoate.  These  reactions  will  be  discussed 
later  in  connection  with  the  action  of  aqueous  acids  upon  the 
urea  ethers.  In  the  absence  of  moisture  niethyliso-^-cacbtoluide 
hydrochloride  is  much  more  stable. 

Some  of  the  dry  salt  was  placed  in  a  test-tube  connected  with 
an  azotometer,  the  w^hole  apparatus  being  filled  with  dry  carbon 
dioxide.  At  the  temperature  of  the  water-bath  there  was  no 
reaction  ;  it  required  gentle  heating  with  the  free  flame  to  cause 
any  decomposition.  Methyl  chloride  was  then  split  off  quanti- 
tatively and  collected  in  the  azotometer.  It  was  identified  by  its 
burning  with  a  green-tinged  flame. 

C,H,NHC  :  (NC.HJOCH,.HCl-CH,Cl+(C,H.NH),CO. 

In  a  stream  of  dry  hydrogen  chloride  this  stability  is  much  less- 
ened, the  loss  of  alky  I  chloride  taking  place  then  at  a  lower 
temperature.  This  was  shown  as  follows:  dry  hydrogen  chloride 
was  passed  over  some  of  the  methyl  ether  contained  in  a  test-tube 
connected  with  an  azotometer.  At  ordinary  temperatures  there 
was  little  decomposition,  but  on  heating  to  90°  a  gas  was  giv^i 
off  which  was  not  absorbed  by  the  caustic  potash,  and  which 
burned  with  a  green-tinged  flame  showing  it  to  be  methyl  chlo- 
ride. 

The  dry  hydrogen  chloride  was  first  absorbed,  but  as  the  tem- 
perature increased,  methyl  chloride  split  off  leaving  a  white 
residue.  This,  after  recrystallization  from  benzene,  had  the 
properties  and  the  melting-point  (243°)  of  <7-carbtoluide.  While 
the  hydrochlorides  of  iniido  ethers  and  of  urea  ethers  react  dif- 
ferently with  moisture,  the  dry  salts  decompose  with  heat  in  an 
entirely  analogous  manner  with  loss  of  alkyl  chloride.'  For  the 
constitution  of  the  salts  of  isocarbanilidoethers,  two  possibilities 
present  themselves. 

C.H,NHv       /CI 
I.  >C< 

II.     C,H,NH.C(0CH,)(NC,H,HC1)  or 
(C,H,N  :)C(0CH3)(NC,H,H,C1). 

This    question   will  be   discussed   later.     One  fact   will    be 

I  Pinner  :  Ber.  d.  chem.  Gfs.,  i6,  1654. 
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brought  out  here,  and  that  is  that  although  the  isocarbanilido 
ethers  are  anilidoimido  ethers,  they  are  monoacid  bases  uniting 
with  but  one  equivalent  of  hydrogen  chloride  even  in  the  pres- 
ence of  a  large  excess  of  the  acid. 

This  is  fully  confirmed  by  the  composition  of  the  two  chlor- 
platinates  of  isocarbanilido  ethers  which  I  prepared :  those  of 
methyliso-^carbtoluide  and  of  ethylisocarbanilide. 

Chlorplatinate  of  Methyl  Iso-o-carbtoluidey 

[(C,H,NH)C(:NC,HjOCH.].H,PtCl,. 

When  absolute  alcohol  solutions  of  the  methyl  ether  and  of  chlor- 
platinic  acid  were  mixed  and  allowed  to  stand  in  a  desiccator, 
the  chlorplatinate  slowly  separated  out.     It  formed  hard,    red 
crystals  which  melted  at  155°  with  decomposition.     Analysis  : 
0-136^  gram  substance  gave  0.0290  gram  platinum. 

Calculated  for  CtiHt8N40,PtCl«.  Pound. 

Platinum 21.25  21.23 

Eihylisodi-O'tolylurea  {o-  Tolylimido-o-tolyl  Ethylcarbamate) , 

C,H,NH 

^C-OC,H.. 

C,H,N 
One  molecule  of  ^-carboditolylimide  was  heated  with  a   slight 
excess  of  absolute  ethyl  alcohol  at   i8o**-i90**   for  three   hours. 
The  oily  contents  of  the  tube  were  fractionated  and  a  pure  prod- 
uct boiling  at  215.5^  at  twenty-four  mm.  obtained.     Analysis  : 

0.2177  gram  substance  gave  21.55  cc.  moist  nitrogen  at  25'' 
and  745  mm. 

Calculated  for  CiTHtcNfO.  Pound. 

Nitrogen 10.45  10.80 

Ethylisodi-^-tolylurea  is  a  colorless  oil  which  does  not  solidify 
at  — 5°.  Its  index  of  refraction  is  i  .606  at  the  room  temperature. 
Heated  to  80°  in  a  stream  of  dry  hydrogen  chloride,  ethyl 
chloride  is  split  off,  leaving  a  solid  residue  of  ^-carbtoluide. 
This  was  recrystallized  from  benzene  and  identified  by  its 
properties  and  melting-point. 

In  the  preparation  of  urea  ethers  by  the  method  given  too 
high  temperatures  must  be   avoided.    -This  was  shown  in  the   ' 
following   experiment.     A    mixture    of   diimide   and   absolute 
alcohol  was  heated  at  2i5°-220°  for  several  hours  and  then  for 
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a  short  time  at  250".  The  tube  opened  with  much  pressure  and 
a  gas  escaped  that  burned  with  a  luminous  flame.  This  was 
probably  ethylene.  The  contents  of  the  tube  consisted  of  an  oil 
and  a  white  solid  which  proved  to  be  ^^-carbtoluide.  The  oil 
yielded  on  distillation  £7-ditolylurea,  ^-carboditolylimide  and  only 
a  small  amount  of  impure  ethylisocarbtoluide.  This  was  identi- 
fied by  the  formation  of  ethyl  chloride  which  burned  with  a  green- 
tinged  flame.  As  will  be  seen  later  the  above  substances  are  the 
decomposition  products  of  the  ethyl  ether  at  high  temperatures. 
n-  Propylisodi'O'tolylurea , 

C,H,NH 

^C— OC.H,. 
C,H,N 

Twenty  grams  of  the  carbodiimide  and  ten  grams  propyl  alcohol 
were  heated  at  i8o'*-200°  for  six  hours.  The  tube  opened  with- 
out pressure  and  the  oil  on  distillation  gave  the  pure  propyl 
ether.     The  yield  is  nearly  quantitative.     Analysis  : 

0.4246  gram  substance  gave  39.5  cc.  moist  nitrogen  at  22®  and 
744  mm.  pressure. 

Calculated  for  CisHstNsO.  pound. 

Nitrogen 9.93  10.36 

«-Propylisodi-^-tolylurea  is  a  colorless  oil,  soluble  in  ordinary 
organic  solvents.  It  does  not  solidify  in  a  freezing-mixture. 
The  boiling-point  is  2i2''-2i4''  at  fourteen  mm. 

Dry  hydrogen  chloride  was  passed  into  a  solution  of  the 
propyl  ether  in  benzene  and  ligroin.  The  slight  white  precipi- 
tate first  formed  readily  dissolved  as  the  current  of  gas  was  con- 
tinued. An  oil  which  was  soluble  in  benzene  but  insoluble  in 
ligroin  separated  out  on  standing.  This,  when  heated,  gave 
propyl  chloride  and  (?-carbtoluide,  showing  that  it  contained  the 
hydrochloride.     An  effort  was  made  to  isolate  this  as  follows: 

The  oil  obtained  by  the  action  of  hydrogen  chloride  was 
washed  with  a  mixture  of  benzene  and  ligroin  (b.  p.  40**-6o*'), 
and  the  excess  of  solvent  evaporated  in  a  current  of  dry  air  in  a 
vacuum  desiccator  over  stick  potash,  sulphuric  acid,  and  vase- 
line.    A  clear,  yellow  oil  resulted.     Analysis  : 

0.5610  gram  substance  heated  with  lime  required  15.8  cc. 
tenth-normal  silver  nitrate  (Volhard). 
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0.5166  gram  substance  gave  32.8  cc.  moist  nitrogen  at  17.5^ 
and  740  mm. 

Calculated  for  C|tHtaN«OCl.  Pound. 

Chlorine 11. 13  9.98 

Nitrogen 8.79  7.18 

The  low  results  are  doubtless  due  to  traces  of  solvent  obsti- 
nately retained  by  the  oil.  That  it  is  mainly  the  hydrochloride 
is  shown  by  the  analysis  and  the  decomposition  products,  propyl 
chloride  and  <;-carbtoluide. 

The  oil  solidified  on  standing  in  a  desiccator  but,  as  analysis 
indicated,  this  was  caused  by  the  gradual  formation  of  ^-ditolyl- 


IsobutyHsoduo-iofylurea^ 

C,H,N 

^— OCH,CH(CH,),. 


> 


C,H,NH 

Sixteen  grams  of  ^-carboditolylimide  were  heated  for  six 
hours  at  180^-2 10^  with  a  slight  excess  of  isobutyl  alcohol.  The 
contents  of  the  tube  yielded  on  distillation  a  clear  colorless  oil, 
boiling  at  218''  at  18  mm.  Analysis  showed  that  it  was  the  iso- 
butyl ether. 

0.3250  gram  substance  gave  27.7  cc.  moist  nitrogen  at  24"* 
and  755  mm. 

Calculated  for  CitHt4NaO.  Pound. 

Nitrogen 9.46  9.54 

Isaamylisodt-0-tolylurea, 

C,H,N 

\c— OCH,CH,CH(CH,),. 

C,H,NH 

Porty-one  grams  diimide  were  dissolved  in  amyl  alcohol 
(b.  p.  i30*-i3i**),  and  then  poured  into  a  well-cooled  solution 
of  sodium  amylate  (one  molecule).  The  mixture  became 
slightly  warm.  After  standing  over  night  carbon  dioxide  was 
passed  into  the  solution,  which  was  then  washed  with  water, 
dried  with  sodium  sulphate,  and  distilled.  ThC/pure  amyl  ether 
was  obtained  as  a  colorless  oil  boiling  at  206''  at  10  mm.  Its 
index  of  refraction  is  1.572  at  the  room  temperature.  The  yield 
is  about  equal  to  the  diimide  taken.     Analysis  : 
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0.3586  gram  substance  gave  29.2  cc.  moist  nitrogen  at  18**  and 
747  mm. 

Calculated  for  C,oHt«NtO.  Pound. 

Nitrogen 9.03  9.28 

p-Carboditolylimide,  C,H,N=C=NC,H^. — This  was  prepared 
in  the  hope  that  the  higher  melting  para-derivatives  would  give 
solid  ethers  instead  of  oils — a  wish  that  was  not  realized.  The 
diimide  was  first  described  by  Will*  as  a  body  melting  above  60' 
and  boiling  above  300''  without  decomposition.  The  substance 
was  made  in  the  usual  manner  by  the  desulphurization  of  the 
thiourea.  In  general  /-carboditolylimide  is  less  reactive  than 
the  carbodiphenyl  or  <7-ditolylimides.  The  para  body  and  its 
ethers  distil  about  20**  higher  than  the  corresponding  ^-tolyl  com- 
pounds and  tend  to  form  viscid  gums  difficult  to  purify. 

Pure /-carboditolylimide  is  a  pale  yellow  oil  boiling  at  221®- 
223°  at  20  mm. 

Methyl  Isodi-p-tolylurea, 

C,H,NH 

\c— OCH,. 

C,H,N 

Twenty- three  grams  of  the  diimide  were  heated  with  methyl 
alcohol  for  seven  hours  at  i8o**-20o°.  In  distilling  the  product  a 
considerable  portion  came  over  below  200".  From  the  higher 
fraction,  there  was  isolated  the  pure  methyl  ether  boiling  at  220^ 
at  fifteen  mm.     Analysis  : 

0.4580  gram  substance  gave  43.8  cc.  moist  nitrogen  at  16**  and 
739  mm. 

Calculated  for  CieH,«NtO.  Pound. 

Nitrogen 11.02  10.89 

The  methyl  ether  forms  a  clear,  thick  oil.  In  a  stream  of  dry 
hydrogen  chloride  it  is  somewhat  more  stable  than  the  methyl 
iso-t7-carbtoluide,  since  methyl  chloride  only  splits  off  above 
100^.  From  the  fraction  below  200°  an  oil  was  obtained  which 
boiled  at  86°-88°  at  fourteen  mm.  and  which  turned  red  on  stand- 
ing.    This  gave  the  following  results  on  analysis  : 

0.4148  gram  substance  gave  0.3202  gram  water  and  1.1510 
grams  carbon  dioxide. 

1  Bry.  d.  chem.  Ges.,  14,  1488. 
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0.3108  gram  substance  gave  27.5  cc.  moist  nitrogen  at  16. 5* 
and  736  mm. 

Calculated  for  CtHyNH 

CtH^NHv       XKH,  \c— OCH,. 

C,HtNH^  X>CH,  CtHtN  Found. 

Cwbon 71.33  75.70  75.59 

Hydrogen  •'-•     7.69  8.58  8.66 

Nitrogen   9.79  11.02  10.24 

It  was  thought  that  the  compound  might  be  the  dimethyl 
ether,  but  the  theory  was  not  borne  out  by  the  analytical  figures. 
At  the  same  time,  while  the  results  agree  fairly  closely  with 
those  required  for  an  isomeric  ether,  the  great  difference  in  boil- 
ing-point, 140^  at  fourteen  mm.,  would  seem  to  preclude  this 
idea.  Owing  to  lack  of  material,  further  examination  of  this  oil 
was  deferred  for  the  present. 

Methyl  isodi-/-tolylurea  was  also  prepared  by  another  method, 
the  action  of  sodium  methylate  on  the  monohydrochloride  of 
/-carboditolylimide. 

C,H,N, 


> 


CCl+Na|OC,H.. 


C,H,N 

One  molecule  of  hydrogen  chloride  in  ether  solution  was  added 
to^carboditolylimide  also  dissolved  in  ether.  No  effort  was 
made  to  isolate  the  hydrochloride,  but  sodium  methylate  in 
methyl  alcohol  was  added  directly  to  the  solution.  After  filter- 
ing off  the  sodium  chloride  and  some  ^carbtoluide,  the  ether 
was  evaporated  and  the  residue  extracted  with  ligroin.  This, 
on  distillation,  gave  a  poor  yield  of  methyl  isodi-^-tolylurea. 

0.4488  gram  substance  gave  46  cc.  moist  nitrogen  at  25°  and 
755  mm. 

Calculated  for  C,«HiaN,0.  Found. 

Nitrogen 10.02  11.42 

n-Propyl  Isodi-p-tolylurea^ 

C,H,NH 


> 


C— O— CH,CH,CH,. 


C.H,N 

On  heating  propyl  alcohol  and  /-carboditolylimide  at  180**  for 
four  hours,  the  propyl  ether  which  boils  at  221**  at  sixteen  mm. 
was  formed.  It  is  a  thick  viscid  oil  at  ordinary  temperatures. 
Analysis : 


148  p.   B.    DAINS. 

0.4380  gram  substance  gave  36.8  cc.  moist  nitrogen  at   18* 
and  760  mm. 

Calculated  for  CiaH«,NtO.  Pound. 

Nitrogen 9.93  9-75 

Isoamylisodiphenylurea , 

C.H,NHv 

>C— OCH,CH,CH(CH,)„ 

was  prepared  by  the  action  of  sodium  amylate  upon  carbodi- 
phenylimide  in  amyl  alcohol  (b.  p.  i30**-i3i*)  solution.  The 
procedure  was  the  same  as  with  the  isoamyliso-(?-carbtoluide.  It 
is  a  colorless  oil  boiling  at  210°  at  fifteen  mm.  At  the  room 
temperature  the  index  of  refraction  is  1.594.     Analysis  : 

0.2280  gram  substance  gave  19.5  cc.  moist  nitrogen  at  iS"*  and 
749  mm. 

Calculated  for  C|gBMN,0.  Foun<l. 

Nitrogen 9.93  9.86 

Ethylisocarbanilide, 

C.H,NH 

^C-OC.H, 

C.H,N 

This  was  prepared  by  Lengfeld  and  Stieglitz/  who  described  it 
as  a  limpid  stable  oil  boiling  at  200"*  at  20  mm.  They  also  iso- 
lated the  hydrochloride  of  the  ethyl  ether,  a  white  solid  melting 
at  6o**-8o*  with  decomposition.  Its  action  toward  chlorplatinic 
acid  is  interesting. 

It  has  been  shown  previously  that  methyl  isodi-(?-tolyIurea 
with  chlorplatinic  acid,  gives  in  absolute  alcohol  solution,  an 
anhydrous  salt  in  which  the  urea  ether  acts  as  a  monacidbase.  On 
the  other  hand  ethyl  isocarbanilide  forms,  in  absolute  alcohol  so-* 
lutiou,  nocrystallizable  derivative  of  the  ethyl  ether,  but,  in  dilnte 
alcoholic  solutions,  gives  very  readily  a  chlorplatinate  contain- 
ing water  of  crystallization.  To  a  water  solution  of  chlorplatinic 
acid  was  added  a  dilute  alcoholic  solution  of  ethyl  isocarbanilide. 
On  evaporation,  the  platinum  salt  separated  out  in  the  form  of 
hard,  red  crystals  which  melted  at  113**  with  decomposition. 
Analysis : 

I  Ber.  d.  chem.  Ges.,  37,  926. 
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I.  0.1630  gram  substance  gave  0.0330  gram  platinum. 
I^-  0-3750  gram  substance  gave  0.0762  gram  platinum. 

CalciaUted  for 

\C-0CH.        H,PtCl.  +  4H,0.  p^„^ 

r  -J  .  T 


C«H«NH 


.... 


I.  II. 

Platinum 20.28  30.25        20.32 

The  same  salt  is  formed  in  both  dilute  and  concentrated 
alcoholic  solutions.    The  corresponding  thioether, 

C.H.NH 

^C-SC.H., 
C.H.N 

gives  a  platinum  salt  containing  two  molecules  of  water  of 
crystallization.'  In  the  preparation  of  the  urea  ethers  described 
above,  three  methods  have  been  used. 

1.  The  addition  of  alrohol  at  high  temperatures  tt>  the  carbodi- 
imide. 

2.  The  action  of  sodium  ethylate  upon  an  alcoholic  solution 
of  the  carbodiimide. 

3.  The  action  of  sodium  ethylate  upon  the  monochloride  of 
the  carbodiimide. 

Of  these  methods,  the  first  gives  good  results  and  is  of 
universal  applicability.  It  requires,  however,  the  use  of  sealed 
tubes.  The  second  method  gives  equally  good  yields  ;  it  does 
not  require  high  temperatures,  and  by  it  larger  amounts  of  the 
vea  ether  can  be  prepared  at  one  time.  It  necessitates,  however, 
the  use  of  a  large  excess  of  the  alcohol.  The  third  method 
ofiers  no  advantage  over  the  other  two.  It  involves  the  inter- 
mediate formation  of  the  monohydrochloride,  a  compound  very 
sensitive  toward  moisture.  It  requires  also  a  greater  number  of 
operations  with  a  corresponding  decrease  in  yield. 

The  urea  ethers  thus  far  prepared  are,  with  one  exception, 
oils  ;  methyl  iso-^-carbtoluide  alone  on  long  standing  solidified 
to  a  crystalline  mass.  On  the  other  hand  ethyl  isocarbanilide, 
prepared  in  1894  by  ^i*-  Stieglitz,  is  still  an  unchanged  oil. 

The  urea  ethers  dissolve  readily  in  neutral  organic  solvents 
and  are  insoluble  in  water.  All  acid  solvents  react  with  them. 
While  they  cannot  be  distilled  at  ordinary  pressure  without 

1  Kcthkc :  Ser.  d,  chem.  Ges.^  14,  1776.. 
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decomposition,  they  can  uniformly  be  fractionated  in  vaaio  with- 
out change.  The  index  of  refraction  is  in  all  cases  observed 
less  than  that  of  the  original  diimide^  This  can  serve  as  a  test 
of  the  purity  of  the  ether  since  the  presence  of  the  diimide 
causes  an  increase  in  the  index  of  refraction. 

INDBX  OP  RBPRACTION. 

Carbodi-^i-tolylimide 1.624 

Methyl  iso-<;-carbtolaide i*692 

Ethyl  iso-o-carbtoluide 1.606 

Amyl  iso-<7-carbtoluide 1-573 

Ethyl  isocarbanilide^ i  .6028 

Amyl  isocarbanilide '  •  -  •  1.594 

The  experiments  just  described  show  that  the  formation  of  a 
urea  ether  by  the  addition  of  an  alcohol  to  the  carbodiimide  is  a 
general  reaction  of  which  all  aromatic  carbodiimides  are  capable ; 
these  take  up  the  various  primary  and  secondary  fatty  alcohols 
without  difficulty.  In  every  case  the  alcohol  was  added  smoothly 
according  to 

RNHv 
I.  RN=C=NR+R'OH-^  >C— OR'. 

RN'^ 

and  with  none  of  the  many  alcohols  tested  did  the  carbodiimide 
simply  cause  the  splitting  off  of  water  according  to 

II.  (RN:).C+C«H.,+  .OH-  (RNH).CO  +  C„H,«. 

forming  a  carbanilide  and  an  unsaturated  hydrocarbon. 

Such  compounds  were  indeed  obtained  by  heating  carbodi-^ 
tolylimide  and  ethyl  alcohol  much  higher  than  the  temperatures 
necessary  for  forming  the  urea  ethers,*  but,  as  will  be  sliown 
later,  the  urea  ethers  themselves  give,  on  heating  the  same  prod- 
ucts, a  carbanilide  and  an  olefine  hydrocarbon. 

III.  RNHC(:NC)OC„H,«  +  .-*  (RNH).CO +  C,H,,, 

These  facts  prove  that  either  urea  ethers  are  formed  as  inter- 
mediate products  when  carbodiphenylimide  and  an  alcohol  react 
according  to  II,  or  that  the  absorption  of  alcohol  by  the  unsatu- 
rated carbodiphenylimide  molecule  to  form  a  urea  ether  takes 

1  J.  Stieglitz  :  Ber.  d.  chem.  Ges.^  s8,  574. 
s  Page  Z43. 
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place  much  below  the  temperature  at  which  an  alcohol  breaks 
down  into  water  and  an  olefine. 

IV.  C,.H.,  +  .OH  Z  C„H,«+  H,0. 

Such  a  reaction  would  become  one-sided  from  the  absorption 
of  water  by  the  carbodiphenylimide  according  to 

V.   H.O+C(:NC.H,).-  (C.H,NH),CO, 

and  give  the  reaction  products  of  II. 

Either  of  these  conclusions — and  there  is  no  other  third 
possible  view  of  the  action  of  carbodiphenylimide  on  the  alcohols 
—is  suflScient  to  throw  clear  light  on  some  of  the  next  reactions 
that  were  studied,  and  in  the  interpretation  of  the  results  of  such 
study  reference  will  be  made  to  the  conclusions  just  established. 

II.  ISOACYI^AI^PHYLUREAS  ;    ACTION    OF    DRY    ACIDS  ON  CARBO- 

DIIMIDES. 

The  ease  with  which  carbodiphenylimide  absorbs  alcoholssug- 
gested  the  attempt  to  prepare  by  the  same  kind  of  reaction, — 
using  acids — a  most  interesting  group  of  bodies,  the  acid 
salts  of  carbodiphenylimide  or  isoacylcarhanilides  according  to 

VI.  (C,H,N  :),C+HOAcyl  -   (C.H.NH)C(:  NC.HJOAcyl. 

As  such  salt  like  isoacyl  derivatives  the  addition  products  of 
carbodiphenylimide  and  hydrogen  chloride  must  be  considered, 
and  these  were  investigated  by  me  somewhat  further  than  they 
had  been  previously.  Weith,'  by  passing  dry  hydrogen  chloride 
into  a  benzene  solution  of  carbodiphenylimide,  prepared  the  mon- 
ochloride  which  he  analyzed  and  to  which  he  assigned  the  form- 
ula (C.H,N),C.HC1. 

Further  investigation  by  Lengfeld  and  Stieglitz*  showed  the 
conditions  for  preparing  the  monochloride,  and  proved  that  a  di- 
chloride  (C,H,N),2HCland  a  sesquichloride  [(C,H.N),C],3HC1 
are  much  more  readily  precipitated  even  if  much  less  than  one 
molecular  equivalent  of  hydrogen  chloride  is  used.  These  are 
white  crystalline  compounds  that  can  be  isolated  and  analyzed. 
Such  salts  were  also  obtained  by  me  from  the  carboditolylimides 
and  carboallylphenylimide. 

Work  done  in  this  laboratory  by  Mr.  H.  N.  McCoy,*  under  the 

I  Ber.  d.  chem.  Ges.^  7,  11. 

^Am.  Okem.J.,  17,  107. 

</Mtf..9X,  iti;  Ber.d.  chem,  Ges.,  30, 1090, 1685. 
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direction  of  Professor  Stieglitz,  has  fully  confirmed  the  conclu- 
sions of  Stieglitz  and  Lengfeld  that  the  monochloride  has  the 
constitution  of  an  isoacylcarbanilide 

C.H.NH 

(C.H.N:),C+HC1  -^  ^^~^^* 

C.H.N 
and  still  it  has  the  appearance  of  a  salt.'  I  have  been  able  to 
confirm  the  salt-like  character  of  such  a  monochloride* — what- 
ever its  constitution — by  preparing  chlorplatinates  of  analogous 
composition,  which  in  appearance,  composition,  and  behavior 
resemble  the  chlorplatinates  of  any  organic  base. 

Action  of  Hydrochloric  Acid  and  of  Hydrochhrplatinic  Addon  the 
Carbodialphylimides ;  Monochlorplatinate  of  Carbodiphenylimide^ 
[(C.H,N),C],H,PtCl,.— When  an  absolute  alcohol  solution  of 
carbodiphenylimide  is  treated  with  chlorplatinic  acid  also  dis- 
solved in  absolute  alcohol,  a  darkening  in  color  occurs,  but  there 
is  no  precipitate  unless  the  solution  is  very  concentrated.  In 
that  case  a  dark,  red  salt  separates.  This  melts  at  155*^-165'* 
and  contains,  as  shown  by  analysis,  an  excess  of  platinum  over 
that  required  by  the  monochlorplatinate.  (26.00  per  cent, 
instead  of  24.44).  ^^  ether  be  added  to  the  clear  alcoholic  solu- 
tion, a  yellow  platinum  salt  corresponding  to  the  monochlor- 
plat'nate  is  obtained.  This  was  washed  with  ether,  dried  at  90^, 
and  analyzed.     Analysis  : 

0.1 1 18  gram  substance  gave  0.0270  gram  platinum. 

Calculated  for 
[(C,H»N  :),],H,PtCl,.  Found. 

Platinum 24.44  24.15 

The  chlorplatinate'  is  soluble  in  alcohol,  insoluble  in  ether, 
and  not  readily  decomposed  by  water.  It  begins  to  decompose 
at  143°  and  melts  completely  to  a  reddish  oil  at  150**.  In  several 
cases  a  salt  containing  one  or  two  per  cent,  more  of  platinum 
with  a  higher  melting-point  (i55**-i65®)  was  obtained,  but  in  no 
instance  did  this  correspond  to  the  dichlorplatinate, 

[(C.H,N),C].H,PtCl.(Pt=32.i9). 

iThe  dichloride  must  therefore  have  the  constitution  (C«H»NH}tCCl«  or 
Cl.C(C«HtNH):(C«HtN)HCl.  The  former  is  more  likely  and  is  beinf;  further  investiya- 
ted  in  this  laboratory. 

^  Am.  Chem.  J. ,ni^ioi. 

>  It  can  also  be  prepared  by  mixing:  ethereal  solutions  of  the  diimide  and  chlor- 
platinic acid.    It  is  then  precipitated  out  immediately. 
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ne  DichlorplaHnaU  of  Carhodiphenylimiie,  [ (C.H.N: ),C]- 
HjPtCl.. — The  latter  body,  the  chlorplatinate,  corresponding  to 
the  dichloride,  was  not  formed  by  the  action  of  an  excess  of 
chlorplatinic  acid  upon  the  diimide.  This  was  in  decided  con- 
trast to  the  action  of  hydrogen  chloride  upon  the  diimide.  Thus 
carbodiphenylimide  monochloride  was  isolated  with  considerable 
difficulty  by  Lengfeld  and  Stieglitz,'  who  prepared  it  by  passing 
hydrogen  chloride  into  a  solution  of  the  carbodiimide ;  but  there 
was  a  constant  tendency  for  the  reaction  to  go  farther  and  form 
the  sesqui-  and  dichlorides. 

The  dichlorplatinate  of  carbodiphenylimide  was,  however, 
obtained  in  the  following  unexpected  manner  :  An  effort  was 
made  to  prepare  an  anhydrous  chlorplatinate  of  ethyl  isocarban- 
ilide  using  absolute  alcohol  solutions ;  with  dilute  alcohol  a 
hydrated  salt  is  obtained.'  While  this  end  was  not  realized  a 
still  more  interesting  compound,  the  platinum  salt  of  carbodi- 
phenylimide dichloride  was  obtained. 

When  absolute  alcoholic  solutions  of  ethyl  isodiphenyl  urea 
and  chlorplatinic  acid  were  mixed,  there  gradually  separated  out, 
in  small  quantity,  reddish-brown  needles  which  did  not  melt  at 
250".  For  analysis  these  crystals  were  washed  with  alcohol  and 
ether  and  dried  at  80''.     Analysis : 

I.  0.0802  gram  substance  gave  0.0258  gram  platinum. 

II.  0.1325  gram  substance  gave  0.0430  gram  platinum. 

Calculated  for  Pound. 

[(C«HsN),C]H,PtCl«.  I.  II. 

Platinum 32.30  32.17  32.45 

The  results  agree  with  the  composition  of  the  platinum  salt  of 
carbodiphenylimide  dichloride.  So  far  as  the  analysis  is  con- 
cerned it  agrees  also  with  the  composition  of  aniline  chlorplatinate 
(Pt=32.8o),  but  against  this  latter  view  are  the  following  facts : 

a.  The  salt  does  not  resemble  at  all  in  appearance  aniline 
chlorplatinate. 

h.  The  salt  after  treatment  with  caustic  soda  did  not  respond 
to  the  bleaching-powder  test  for  aniline. 

c.  Aniline  could  only  be  formed  from  urea  ether  hydrochloride 
by  saponification  as  follows  : 

i>4ot.  OUM.y.,  17,  IXC. 
spage  148- 


154  ^'    B.    DAINS. 

C.H.NH 

\        \c-^OC.H.+HOH  - 

C.H,NH..HCH-  C.H.NHCOOC.H,. 

The  residue  was  examined  but  no  trace  of  phenyl  urethane  could 
be  detected. 

Such  a  chlorplatinate  of  carbodiphenylimide  could,  however, 
be  formed  as  follows : 

In  the  absolute  alcohol  solution  slight  dissociation  might  occur 
into  alcohol  and  carbodiphenylimide.  This  latter  then  unites 
with  the  chlorplatinic  acid  which  was  present  in  very  great 
excess,  forming  the  dichlorplantinate  of  carbodiphenylimide. 

o-Carboditolylimide  Dichloride,  C,H,N:C(NHC,H,)C1.HC1.— 
It  had  been  previously  noted  by  Will  and  Bielschauski*  that  a 
solution  of  (7-carboditolylimide  with  hydrogen  chloride  gave  a 
white  precipitate,  but  the  product  formed  was  not  analyzed. 
Dry  hydrochloric  acid  gas  was  passed  into  (7-carboditolylimide 
dissolved  in  twenty  times  its  weight  of  dry  benzene. 

The  diimide  must  be  especially  purified  by  several  distilla- 
tions, otherwise  gummy  impurities  are  found.  The  stream  of 
gas  was  continued  as  long  as  any  absorption  took  place,  the 
solution  meanwhile  being  kept  cool.  A  heavy  white  precipitate 
formed  at  first  which  soon  redissolved,  and  on  standing  there 
was  deposited  from  the  clear  solution  hard  granular  crystals. 
These  were  dried  on  a  clay  plate  in  a  vacuum  desiccator  over 
sulphuric  acid,  stick  potash,  and  vaseline  for  thirty-six  hours. 
Analysis  : 

0.1898  gram  heated  with  lime  required  13.37  ^c.  tenth-normal 
silver  nitrate  (Volhard). 

Calculated  for  CjcHjeNtCIf  Found. 

Chlorine  24.06  24.96 

^-Carboditolylimide  is  a  white  solid,  insoluble  in   ligroin  and 
benzene,  but  soluble  in  chloroform.     It  melts  with  decomposition 
at  235'*-237''.     Moisture  decomposes  it  giving  ^-carbtoluide  and 
hydrogen  chloride. 
(C,H,NH)C:  (NC,H,)C1.HC1+H,0  -  2HC1+(C,H,NH),C0. 

0-  Carbodiiolylimide  Monochlorplatinate,  [  (  C,H,N )  ,C]  .H.PtCl  «.— 
Ethereal  solutions  of  the  diimide  and  of  chlorplatinic  acid  were 

1  Ber.  d.  ctum.  Ges.^  15,  1316. 
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mixed  ;  a  yellow  platinum  salt  was  immediately  precipitated 
which  was  washed  with  ether  dried  at  100**,  and  analyzed. 
Analysis  : 

0.1850  gram  substance  gave  0.0420  gram  platinum. 

Calculated  for 
[(C7H,N),C]»HjPtCl«.  Found. 

Platinum 22.84  22.70 

The  salt  begins  to  decompose  at  146°- 148®  ;  at  about  155°  it 
melts  completely.  The  same  salt  was  obtained  even  with  a 
large  excess  of  chlorplatinic  acid. 

p'Carbadiiolylimide  Monochlorplatinate . — This  body  which  was 
prepared  from  ethereal  solutions  of  chlorplatinic  acid  and/-carbo- 
ditolylimide  as  in  the  previous  cases,  is  a  yellow  salt  that  begins 
to  decompose  at  148"  and  melts  completely  between  155** and  160**. 

0.1828  gram  substance  gave  0.0410  gram  platinum.    Analysis : 

Calculated  for 
[(C,H7N),C]H,PtCl«.  Found. 

Platinum 22.84  22.43 

Scsquichloride  of  p-Carhoditolylimide. — When  a  concentrated 
benzene  solution  of  pure-/-carboditol3'limide  was  saturated  with 
dry  hydrochloric  acid  gas,  the  solution  which  became  warm  was 
filled  with  a  thick,  heavy,  white  precipitate  of  the  hydrochloride. 
Analysis  showed  that  this  was  a  mixture  of  chlorides  and  not  a 
definite  chemical  compound. 

Two  determinations  of  different  preparations  gave  respectively 
17.80  and  17.33  per  cent,  chlorine.  The  monochloride  contains 
13.73  per  cent,  chlorine,  the  scsquichloride  19.21  percent.,  and 
the  dichloride  24.06  per  cent. 

With  a  five  per  cent,  benzene  solution  better  results  were 
obtained.  The  precipitate  first  formed  nearly  all  dissolved  on 
continuing  the  stream  of  gas,  while  the  filtered  solution  on  stand- 
ing a  few  hours  in  a  vacuum  desiccator  deposited  a  large  crop  of 
crystals.  These  melted  at  i26°-i27°  forming  an  oily  gum. 
Analysis  : 

I.  0.2418  gram  substance  heated  with  lime  required  13. i  cc. 
tenth-normal  silver  nitrate  (Volhard). 

II.  0.1840  gram  substance  required  10.  i  cc.  tenth-normal 
silver  nitrate. 
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Calculated  for  Pound. 

(C„H,4N,),3HC1.  I.  II. 

Chlorine 19.22  19.20  19.46 

Sesquichloride  of  CarhoaUylphenylimide , — Analogous  results 
were  obtained  withcarboallylphenylimide.  The  experiments  with 
hydrogen  chloride  will  be  given  here,  but  the  discussion  of  the 
diimide  reserved  until  later. 

Dry  hydrochloric  acid  gas  was  passed  into  a  benzene  solution 
of  carboallylphenylimide.  A  precipitate  formed,  which,  as  the 
current  of  gas  was  continued,  almost  entirely  dissolved.  The 
filtered  solution,  on  standing,  deposited  crystals.  These  were 
dried  on  a  clay  plate  in  a  vacuum  desiccator  over  sulphuric  acid, 
stick  potash,  and  vaseline,  and  analyzed.     Analysis  : 

0.1778  gram  substance  heated  with  lime  required  12.23  cc. 
tenth-normal  silver  nitrate. 

Calculated  for 
3HCI. 


/C.H,N       X 


Pound. 
Chlorine 25.00  24.59 

The  monochloride  requires  18.23  per  cent,  chlorine  and  the 
dichloride  30.73  per  cent.  The  product  obtained  is  evidently  a 
sesquichloride.  Lengfeld  and  Stieglitz,*  who  first  prepared  a 
body  of  this  class — carbodiphenylimide  sesquichloride,  say  this 
regarding  it :  **The  substance  may  be  a  mixture  of  monochloride 
and  dichloride  in  nearly  molecular  quantities.  It  was  very 
frequently  obtained  and  seems  to  have  more  or  less  characteristic 
properties  by  which  it  can  be  identified.'* 

But  the  fact  that  three  different  carbodiimides  give  compounds 
of  this  class  argues  strongly  in  favor  of  a  definite  chemical  com- 
position and  against  their  being  merely  mechanical  mixtures. 

These sesquichlorides,  [(RN:),C].  3HCI,  show  an  interesting 
analogy  to  the  isocyanides  which  also  form  hydrochlorides  of 
this  type,  (RNC),3HC1.* 

The  Action  of  Organic  Acids  upon  the  Carbodialphylimides^  as  has 
been  stated  previously,  was  studied  with  the  object  of  obtaining 
isoacylureas  of  the  general  type 

RNH 


^.C— O 
RN 


^^—^  Acyl. 


^  Am,  Chem.J,,  17,  xio. 

s  GauUcr  :  Ann.  chim,  phys.^  17,  223 ;  Nef  :  Ann.  Chem.  (Liebig),  170,  277 ;  Ber.  d.ckem 
Gts,,  sii  1770. 
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corresponding  to  the  alkyl  ethers  and  the  chlorides  just  de- 
scribed. This  seemed  an  especially  inviting  subject  for  investiga- 
tion since  the  instances  of  true  isoacyl  derivatives  of  acid  amides 
are  exceedingly  rare,  and  their  behavior  very  interesting.  Such 
an  acyl  derivative  was  prepared  by  Werner*  in  the  form  of 
dibenzbydroximic  acid, 

/OCOC.H. 

^NOH 

by  the  action  of  silver  benzoate  on  benzhydroximic  acid  chlo- 
ride. He  found  it  a  peculiarly  reactive  body  since,  even  on 
standing,  it  suffers  molecular  change  going  over  into  its  isomer, 

^N— OCOC,H, 
H 

the  benzoyl  ester  of  benzhydroxamic  acid. 
If  both  hydrogen  atoms  of  a  hydroxamic  acid, 

yOH 

^NOH 
are  replaced  by  acyl  groups, 

yOCOR' 

^NOCOR' 

such  molecular  change  is  prevented  and  more  stable  bodies  are 
obtained.  These,  however,  with  alkali  lose  with  great  ease  the 
acyl  g^onp  joined  to  carbon.'  These  facts  would  indicate  the  re- 
activity and  unstability  of  the  acyl  isomers,  could  they  be  iso- 
lated. 

The  organic  acids,  such  as  acetic  and  formic,  do  react  very 
readily  with  the  carbodiimides  even  at  low  temperatures,  and 
although  the  desired  acyl  isoureas  were  not  isolated,  a  very  in- 
teresting reaction  was  discovered,  in  which  there  is  hardly  any 
doubt  that  the  acyl  isoureas  figure  as  intermediate  products. 

Ten  grams  of  o-carboditolylimide  were  treated  with  an  excess 

1  Ber.  d.  chem.  Ges.,  37,  2198. 

s  Jones  :  Am.  Chem,  /.,  so,  19  and  33. 
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of  glacial  acetic  acid.  The  mixture  became  decidedly  warm  and 
soon  solidified,  while  a  distinct  odor  of  acetic  anhydride  mani- 
fested  itself. 

The  solid  residue,  after  purification  with  ligroin  and  benzene, 
was  dried  on  a  clay  plate.  Its  properties,  melting-point  (243''), 
and  analysis  showed  that  it  was  ^-carbtoluide. 

Analysis : 

0.2418  gram  substance  gave  25.2  cc.  moist  nitrogen  at  20^  and 
747  mm. 

Calculated  for 
CiftHjcMtO.  Pound. 

Nitrogen 11.66  II-77 

In  a  second  experiment  ten  grams  of  ^carboditolylimide  (one 
mol.)  were  mixed  with  five  grams  of  glacial  acetic  acid  (two 
molecules)  in  a  distilling  bulb.  When  the  reaction  was  com- 
pleted and  the  product  distilled  from  an  air-bath,  the  main  por- 
tion of  the  distillate  came  over  between  i30**-i38^.  It  was 
fairly  constant  at  137°.  This  liquid  had  the  odor  and  boiling- 
point  of  acetic  anhydride  and  reacted  directly  with  aniline,  giv- 
ing acetanilide.  The  residue  in  the  flask  proved  to  be  <?-carb- 
toluide. 

The  low  temperature  at  which  the  reaction  occurs  is  shown  by 
the  following  experiment :  A  ligroin  solution  of  acetic  acid  was 
added  slowly  to  a  ligroin  solution  of  the  diimide  cooled  to  — 18®. 
At — 15**  the  formation  of  <?-carbtoluide  was  very  slow;  at  o** 
the  reaction  went  somewhat  faster  and  at  ordinary  temperatures 
was  soon  over. 

In  view  ( i )  of  the  facts  discussed  previously'  that  alcohols  are 
added  to  the  carbodiimides  much  below  the  temperature  at 
which  they  suffer  loss  of  water  ;  (2)  the  very  ready  formation, 
isolation,  and  analysis  of  the  dichlorides  of  carbodiphenylimide 
and  ^-carboditolylimide  ;  (3)  the  decomposition  of  hydrochlo- 
rides of  imido  ethers  according  to 

,NHR 

R— C~ci  " 

into  acid  amides  and  alkyl  chlorides,   a    decomposition     that 

*  Pa^e  150. 
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takes  place  tlie  more  readily  the  more  acid  the  molecule';*   (4) 
the  fact  tliat  the  reaction  takes  place  at  — lo**,  a  temperature  at 
wbicli  glacial  acetic  acid  does  not  lose  water  nor  carbodiimide 
take   it   up,  the  formation  of  acetic  anhydride  by  the  action  of 
acetic  acid  upon  ^carboditolylimide  cannot  possibly  be  consid- 
ered as  due  to  direct  splitting  off  of  water  from  the  acid.     The 
facts  tQentioned  show  rather  that  the  results  must  be  due  to  a 
series  of   reactions ;  as  with  hydrogen  chloride,  there  must  be 
addition  of  the  acetic  acid  to  the  double  bond  of  the  <7-carbodi- 
tolylimide  forming  a  very  unstable  diacetate,  which  even  at  tem- 
peratures below  zero  decomposes,  forming  acetic  anhydride  and 
<>-carbtoluide, 


^C+2CH,C00H 


corresponding  to  the  loss  of  an  alkyl  chloride  and  the  formation 

of  an  acid  amide  above.' 

Action  of  Formic  Acid, — Since  this  reaction,  at  so  low  a  tem- 

perature( — 15°)  resulted  in  the  formation  of  an  acid  anhydride, 

it  was  tried  with  formic  acid  whose  anhydride  (CHO).O  is  as 

yet  unknown. 

Again,  it  was  found  that  instead  of  such  an  anhydride  carbon 
monoxide  was  formed.'  (7-Carboditolylimide  diluted  with  an 
equal  volume  of  benzene,  was  put  in  a  test-tube  fitted  with  a 
small  dropping-funnel  and  connected  with  an  azotometer. 
The  air  in  the  apparatus  was  displaced  with  dry  carbon  dioxide 
and  the  diimide  solution  cooled  to  — 10°. 

Pure  formic  acid  was  allowed  to  flow  into  the  diimide  slowl3% 
when  a  gradual  evolution  of  gas,  unabsorbed  by  the  caustic  pot- 
ash, occurred.     On  removing  the  freezing-mixture  the  evolution 

iTbns  the  chloride  of  ethylphenylimidochlorformate,  Cl*— C(:MR)OCaHt,  decom- 
poses at  ~x5*  (Lengfeld  and  Stieglits,  Am.  Ckem.  J,,  x6,  73)  and  the  hydrochloride  of 
etboatydicarbethoxynrea* 

C(OC,H»)NHCOOR 

II 
NCOOR 

loses  ethyl  chloride  at  o*  (pasre  x88). 
•  Fa^e  158. 
a  Kef  :  Ann.  Chtm.  (Uebig),  S70,  ayS. 
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of  gatt  became  more  rapid  and  the  benzene  solution  was  filled 
with  a  white  precipitate.  This  was  found  to  be  ^-carbtoluide 
while  the  gas  in  the  azotometer  burned  with  a  blue  flame  and 
proved  to  be  carbon  monoxide.  As  with  the  acetate,  there  must 
be  formation  of  a  difonnate  which,  even  at  — 15^,  separates  into 
^-carbtoluide  and  formic  anhydride.  This  latter  compound, 
which  has  never  been  isolated,  breaks  down  immediately  into 
carbon  monoxide  and  water. 

C,H,N^  .  C,H,NHv       yOCOH 

^C+2HC00H  -  >C<  - 

CH^N'^  C,H,NH/    \oCOH 


/COH 

(C,H,NH).C04-0< 

N:oH 

(COH),0     -     2C0  +  H,0. 

The  grouping  RN=C=  is  common  to  both  the  carbodiimides, 
RN=C=NR,  and  the  isonitrils,  RN=C=,  and  the  experi- 
ments just  given  bring  out  two  interesting  analogies  between 
them. 

These  are  (i)  the  formation  of  sesquichlorides,  (RNC),3HC1, 
and  (2)  the  formation  of  acid  anhydrides  with  acetic  and  formic 
acids. 

Gautier,*  in  his  researches  upon  the  isonitrils,  discovered  that 
methyl  and  ethyl  isocyanide  give  with  acetic  acid  the  anhydride. 

Nef*  more  recently  has  shown  that  phenyl  isocyanide  reacts  in 
like  manner  with  acetic  and  formic  acids  at  — 10°  giving  the 
acid  anhydride  or  carbon  monoxide  and  formanilide.  The  facts 
enumerated  above  show  that  the  result  in  these  cases  is  also 
probably  due  to  a  like  sequence  of  reactions. 

H  OCOCH, 
C.H.N:C4-2CH.COOH     -»      C.H.N— C 

H      I 

O  COCH, 

C.H.NHCOH  +  (CH,CO),0. 

One  molecule  of  acid  adds  to  the  bivalent  carbon ;  the  other  to 
the  double  bond  between  carbon  and  nitrogen. 
Since  the  isoacyl  derivatives  were  found  to  be  so  unstable 

1  Gautier :  Ann.  ekim.phys.^  [4J,  17,  233. 141. 
>  Nef :  Ann.  Ckem,  (Liebig),  S70,  377.  278. 
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splitting  off  acid  anhydrides  even  at  — io^»  the  action  of  acetic 
anhydride  upon  the  diimide  was  tried  as  it  was  possible  that  an 
acetyl  isoacetate  like 

xCOCH. 
RN< 


>C— OCOCH, 


RN 

vroold  be  more  stable.  Molecular  proportions  of  acetic  anhy- 
dride and  ^-carboditolylimide  were  mixed.  Since  no  reaction 
occurred  at  ordinary  temperature,  the  mixture  was  then  heated 
at  160''  for  several  hours  in  a  sealed  tube.  The  tube  opened 
with  much  pressure  due  to  carbon  dioxide.  The  product  of  the 
reaction  was  an  oil  which  did  not  solidify  on  standing. 

It  was  doubtless  more  or  less  pure  ^-diacettoluide,  which  is 
itself  an  oil.  No  effort  was  made  to  isolate  it  but  it  was  treated 
directly  with  dilute  caustic  soda  and  the  resulting  ^-acettoluide 
purified  and  identified. 

I.  (RN:),C+2(CH,C0),0   -   C0,+2RN(C0CH,),. 

II.  RN(COCH.).-f  NaOH   --   CH.COONa+RNHCOCH,. 

It  is  possible  that  addition-products  are  formed  analogous  to 
those  mentioned  before  but  they  are  hardly  of  sufficient  impor- 
tance to  be  discussed  here. 

III.     CARBOALLVLPHENYLIMIDB. 

Only  one  attempt  has  as  yet  been  made  to  prepare  an  isourea 
ether  of  an  aliphatic  amine.  For  this  purpose  carboallylphenyl- 
imide  was  chosen.  This  seemed  especially  suitable,  since, 
according  to  Bizio/  allylphenylthiourea  gives  a  carbodiimide, 
and  the  ethers  of  such  a  body  containing  both  an  aliphatic  and 
an  alphyl  group  should  show  a  gradation  in  properties  between 
the  fatty  and  aromatic  isourea  ethers. 

While  the  efforts  to  obtain  the  isourea  ethers  in  a  pure  condi- 
tion were  unsuccessful  in  this  case,  the  results  of  the  experi- 
ments shed  interesting  light  upon  carboallylphenylimide  and 
correct  some  errors  that  have  crept  into  the  literature  of  the 
allylphenyl  derivatives.  Zinin'  first  tried  the  desulphurization 
of  allylphenylthiourea.     He  used  lead  oxyhydrate.  in  alcoholic 

1  Bisio :  Jtb,  4.  OltfM.,  /<5/,  497. 
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solution  and  obtained  a  compound  which  was  described  as  crys- 
tallizing in  long  silky  needles  ;  no  melting-point  was  given, 

Bizio*  repeated  this  work  and  isolated  a  body  which  melted  at 
105**.  To  this  he  ascribed  the  formula  C,aH,.Nj  and  the  consti- 
tution 

C.H.N 

>CN. 
C.H. 

In  Beilstein's  **Handbuch'*  and  in  Watts'  "Dictionary  of 
Chemistry"  this  same  compound  is  called  phenylallylcyanamide 
or  carboallylphenyliniide  and  to  it  is  given  the  normal  carbodi- 
imide  constitution, 

C.H.N=C=NC.H.. 

That  this  compound  is  carboallylphenylimide  is  impossible  both 
from  its  method  of  preparation  and  its  properties. 

The  thiourea  was  desulphurized  in  dilute  alcohol  solution  and 
the  resulting  product  was  soluble  in  acetic  acid  without  change  ; 
both  reactions  should  give  an  oxygen  urea  and  this  was  found  to 
be  no  exception  to  the  rule.  The  allylphenylthiourea  was 
desulphurized  in  the  usual  manner  with  mercuric  oxide  in  abso- 
lute benzene  solution.  After  evaporating  off  the  benzene  a 
mobile  oil  was  left,  but  on  distillation  it  gave  no  pure  products. 
At  ten  mm.  pressure  fractions  were  collected  between  (I)  150"*— 
i65\-  (II)  i65''-i7o\-  (III)  I90°-200^  This  latter  is  the  boil- 
iug-point  of  carbodiphenylimide. 

Fraction  I  was  analyzed  and  gave  figures  agreeing  with  car- 
boallylphenylimide. 

Analysis : 

0.2502  gram  substance  gave  38.5  cc.  moist  nitrogen  at  18**  and 
749  mm. 

Calculated  for 

OjoHjoNs.  Pound. 

Nitrogen 17-72  ly-SS 

It,  however,  is  not  quite  pure,  since  whenever  any  attempt 
was  made  to  redistil  it,  some  decomposition  occurred  with  the 
formation  of  a  high  boiling  residue. 

In  the  hope  that  the  corresponding  urea  ethers  might  be  more 
stable,  the  undistilled  carboallylphenylimide  was  treated  in  abso- 

"^Jsb.  d.  Chem,  j86r,  497 ;  /.  prakt.  Chem.,  86,  292. 
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Ittte  alcohol  solution  with  sodium  ethylate.  The  urea  ether  was 
isolated  in  the  usual  manner. 

When  the  urea  ether  was  distilled  fractions  were  obtained  that 
gave  ethyl  chloride  with  hydrochloric  acid  showing  the  presence 
of  a  urea  ether,  but  no  compound  of  a  definite  boiling-point 
could  be  obtained.  These  results,  indicated  the  impossibility  of 
obtaining  a  pure  carbodiimide  or  urea  ether  by  distillation  ; 
hence  the  attempt  in  this  direction  was  abandoned. 

The  mobile  oil  just  described  as  being  obtained  when  allyl- 
pbenylthiourea  ether  is  desulphurized  with  mercuric  oxide  in 
benzene  solution,  is  very  different  in  appearance  and  properties 
from  the  carboallylphenylimide  described  in  literature  as  a  solid 
(m.  p.  105*^)  and  obtained  by  desulphurization  in  dilute  alcohol 
solution.  It  seemed  now  of  interest  to  ascertain  whether  the 
undistilled  oil  is  the  carbodiimide  and  also  to  find  out  what 
Bizio's  product  that  melted  at  105**  really  was.  Any  analytical 
determinations  of  the  composition  of  this  oil  would  be  of  little 
value  since  it  cannot  be  obtained  entirely  pure,  but  that  it  is 
nearly  pure  carboallylphenylimide  is  proved  by  its  reactions  and 
the  products  derived  from  them. 

As  has  been  shown'  distillation  breaks  it  up  into  mixtures  of 
carboallylphenylimide,  carbodiallylimide,  and  carbodiphenyl- 
imide.  It  reacts,  like  other  carbodiimides,  with  alcohol  and 
sodium  alcoholate  giving  impure  urea  ethers.'  With  dry  hydro- 
gen chloride  it  forms  a  definite  sesquichloride, 


(.V»'^«^^- 


It  has  just  been  shown*  that  the  carbodiimides  react  smoothly 
with  formic  acid  with  the  evolution  of  carbon  monoxide  and  the 
formation  of  the  corresponding  urea. 

The  oily  diimide  was  treated  with  formic  acid.  Abundant 
evolution  of  a  gas  occurred  ;  this  burned  with  a  blue  flame  and 
proved  to  be  carbon  monoxide.  The  residue  was  purified  by 
crystallization  from  water.  A  small  amount  of  diphenylurea 
melting  at  235"  was  obtained,  but  the  main  product  was  a  solid 

1  PaS^c  162. 
s  Puge  i6a. 

•  Pagre  156. 

*  Page  159. 


l64  F.    B.    DAINS. 

melting  at  113''.  Later  experiments  showed  that  this  solid  was 
pure  allylphenylurea  formed  according  to 

C  H  NH  • 
C.H.N  :  C  :  NC,H,+2HC00H  -      *    *    >C0  +  2C0+H.O. 

C.H.NH 

These  reactions,  together  with  its  method  of  preparation,  con- 
clusively show  that  the  oil  really  is  a  carbodiimide,  and  its 
almost  quantitative  conversion  into  allylphenylurea  proves  that, 
undistilled,  it  is  nearly  pure  carboallylphenylimide.' 

Bizio  prepared  his  so-called  carboallylphenylimide  melting  at 
105**  by  desulphurizing  the  thiourea  in  alcoholic  solution.  This 
work  was  repeated  to  see  if  like  results  could  be  obtained.  The 
semisolid  product  of  the  reaction  was  purified  by  crystallization 
from  dilute  alcohol  and  hot  water.  In  one  experiment  a  small 
quantity  of  diphenylurea  was  isolated,  but  the  main  product  is 
the  same  solid,  melting  at' 113°,  that  was  obtained  by  the  inter- 
action of  formic  acid  on  carboallylphenylimide,  and  which,  as. 
will  presently  be  shown,  is  allylphenylurea.  The  change  in 
melting-point  from  105*"  to  113''  is  due  to  a  complete  purification 
of  the  compound. 

Allylphenylurea,  C.H.NHCONHC.H..— As  the  melting-point 
113**  does  not  correspond  to  the  melting-points  given  in  litera- 
ture, either  for  allylphenylurea,  97°,  nor  for  diallylurea,*  ioo*, 
these  two  ureas  were  prepared  synthetically.  Diallylurea, 
which  was  made  by  the  desulphurization  of  allyl  mustard  oil  in 
alcoholic  solution  differs  widely  in  appearance  and  properties 
(m.  p.  100**)  from  the  above  body  (m.  p.  113**).    Allylphenyl- 

1  An  effort  was  made  to  ascertain  the  composition  of  this  oil  by  changing  it  into  a 
guanidin  derivative.  Bqual  molecules  of  aniline  and  allylphenylthionrea  were  boiled  with 
mercuric  oxide  in  dilute  alcoholic  solution.  This  should  give  allyldiphenyl  guanidine.  The 
gummy  mass  left  after  distilling  ofiF  the  alcohol  was  repeatedly  extracted  with  boiling 
dilute  hydrochloric  acid  and  the  hydrochloride  obtained  subjected  to  fractional  CT3rstat- 
lisation.  The  fractions  all  gave  the  same  base,  which  was  curiously  enough  triphenyl 
guanidine.  This  was  proved  by  its  melting-point,  148*,  and  the  analysis  of  the  platinum 
salt. 

I.  0.5917  gram  substance  gave  0.103a  gram  platinum. 

II.  0.3700  gram  substance  gave  0.0535  gram  platinum. 

Calculated  for  Found. 

CtBHMN«PtCl«.  I.  II. 

Platinum 19.83  19.78  19.44 

No  other  definite  compound  could  be  isolated. 

t  Maly  :  Z.  (3).  u  *^- 

s  Will :  Ann.  Ckem.  (Uebig).  59,  35. 
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niea  was  made  from  allylamine  and  phenyl  isocyanate.'  The 
method  suggested  by  Gabriel  and  Bschenbach'  was  found  to 
give  good  results  in  the  preparation  of  allylamine. 

Ethereal  solutions  of  allylamine  and  phenyl  isocyanate  reacted 
readily  with  the  formation  of  an  oil  which,  after  treatment  with 
water,  solidified.  The  allylphenylurea  was  purified  by  crystal- 
lization from  the  same  solvent.  It  then  formed  fine  needles, 
melting  at  113^,  soluble  in  hot  water  and  ordinary  organic  sol- 
vents. 

Analysis : 

0.2060  gram  substance  gave  29  cc.  moist  nitrogen  at  24^  and 
753  mm. 

CalcuUted  for 
C«HftNH 

>CO. 
CaH»NH  Found. 

Nitrogen 15.91  15-73 

This  synthetic  allylphenylurea  is  identical  in  appearance, 
properties,  and  melting-point  with  the  compounds  obtained  by 
desulphurizing  allylphenylthiourea  in  alcoholic  solution,  and  by 
treating,  carboallylphenylimide  with  formic  acid.  Mixtures  of 
these  with  the  synthetic  preparation  melted  constantly  at  113^, 
thus  proving  their  identity. 

The  compound  prepared  by  Bizio'  and  described  in  literature 
as  carboallylphenylimide  is  therefore  not  that,  but  the  corre- 
sponding urea  ;  and  the  melting-point  of  pure  allylphenylurea  is 
113*,  and  not  97*  as  given  by  Maly.* 

CHEMICAL  BEHAVIOR  OP  THE  ISOUREA  ETHERS. 

Besides  the  experiments  upon  the  preparation  of  alphyl  and 
acyl  isourea  ethers  and  of  isoallylphenylureas,  attention  was 
paid  particularly  to  a  thorough  investigation  of  the  action  of 

I  Tbe  phenyl  isocyanate  was  prepared  as  followt :  A  nlxtare  of  five  irninis  phenyl 
nrethane  and  six  ^rams  phosphorus  pentachloride  was  heated  at  70*  in  aldistilling-bulh 
fitted  with  an  air-condenser  until  no  further  evolution  of  gas  took  place.  The  phos- 
phoras  oxychloride  was  then  distilled  over,  at  the  temperature  of  the  water-bath,  in  a 
current  of  dry  hydrogen  chloride.  After  driving  off  the  excess  of  hydrochloric  acid  gas 
with  a  stream  of  dry  air,  the  residue  was  distilled.  The  yield  of  phenyl  isocyanate  was 
acarly  quantitative,  and  the  reaction  seems  to  be  a  most  convenient  one  for  rapidly  pre- 
paring small  quantities  of  phenyl  isocyanate.  This  method  is  one  suggested  by  Leng- 
feldand  Stieglitz  (Am,  Ckem.  J.,  15,  71)  and  later  used  by  Polin  for  preparing  isocsra- 
aates  (Am.  Chtm.  /.,  19, 336). 

s  Ber.  d.  chem.  Gts.,  30,  X124. 

^Jsb,  d.  CA«iM.,  /Jtf/,  497. 

*  Z.  (t),  5,  ^. 
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various  reagents  upon  the  isourea  ethers,  especially  reagents 
that  are  typical  in  their  action  upon  the  amidines,  imido  ethers, 
and  thio  urea  ethers. 

Action  of  Water, — Ethyl  isodiphenylurea  is  insoluble  in  water 
and  can  remain  in  contact  with  it  for  long  periods  without 
formation  of  carbanilide,  or  other  noticeable  change. 

No  decomposition  followed  when  a  mixture  of  the  ether  with  a 
large  excess  of  water  was  evaporated  almost  to  dryness.  This  is 
in  marked  contrast  to  the  imido  ethers.  Thus  benzimidomethyl 
ether/ 

C.H.C^ 

^OCH, 

on  exposure  to  the  air  or  in  water  solution,  after  a  month's 
standing,  changes  to  benzamide. 

C.H.C^  -f2H,0      -      C.H.CONH,+CH,OH. 

^OCH, 

Comstock  and  Wheeler'  have  also  shown  that  oxygen  ethyl  suc- 
cinimide, 

CH-C/ 

CH— C/ 

with  water  regenerates  succinimide  with  great  ease,  while  traces 
of  moisture  entirely  prevent  its  preparation. 

The  Action  of  Dilute  Hydrochloric  Acid, — It  has  been  shown  in 
an  earlier  part  of  this  paper  that  the  isourea  ethers  unite  easily 
and  smoothly  with  dry  hydrogen  chloride  to  form  definite  crys- 
talline hydrochlorides,  which  in  the  absence  of  moisture,  are 
stable  at  ordinary  temperatures.  When  heated,  the  dry  salts 
split  quantitatively  into  alkyl  chloride  and  dialphyl  urea.  In 
the  main,  the  same  general  reaction  was  found  to  occur  in  aqueous 
solutions.  Methyl  isodi-^-toIylurea  was  dissolved  in  very  dilute 
hydrochloric  acid  with  the  aid  of  a  few  drops  of  alcohol,  and  the 
solution  allowed  to  stand  at  the  ordinary  temperature.  In  a  few 
hours  crystals  began  to  appear  which  gradually  increased  in 
amount,  until  the  solution  was  examined  a  month  later. 

1  Wheeler  :  Am.  Chem.J.^  17, 398. 

2  Ib\d.  13,  7. 
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The  crystalline  deposit  proved  to  be  <7-carbtoluide  (m.  p.  243®) .' 
Tie  clear  solution,  on  warming  with  a  few  drops  of  hydrochloric 
add,  gave  a  slight  precipitate  of  ^-carbtoluide,  showing  that  a 
little  unchanged  ether  was  still  present  after  remaining  a  month 
in  the  acid  solution.  When  the  latter  solution  was  made  alka- 
line with  ammonia  a*  slight  white  deposit  was  obtained,  which 
corresponded  to  the  properties  and  melting-point  of  tri-^-tolylgu- 
anidine. 

Ethylisodiphenylurea  was  dissolved  in  one  per  cent,  hydro- 
chloric acid  under  like  conditions.  A  slow  deposition  of  carb- 
anilide  began,  which  was  not  complete  after  a  month's  stand- 
ing. On  warming  the  solution  still  more  carbanilide  was  thrown 
down,  show^ing  that  the  solution  still  contained  unchanged  urea 
ether.  The  clear  filtrate  gave,  with  ammonium  hydroxide,  only 
traces  of  triphenylguanidine  (m.  p.  143**).  At  100**  this  same 
decomposition  is  fully  completed  in  a  few  hours.  Methylisodi- 
<?-tolylurea  was  heated  for  four  hours  with  dilute  hydrochloric 
acid  in  a  Victor  Meyer  water-bath.  The  tube  opened  with 
slight  pressure,  due  to  methyl  chloride  which  burned  with  a 
green  flame.  The  other  products  were,  as  before,  ^-ditolylurea, 
and  traces  oi  tritolylguanidine.  The  action  of  hydrogen  chlo- 
ride in  aqueous  solution  upon  ethyl  isocarbanilide  yields,  there- 
fore, carbanilide  and  ethyl  chloride,  according  to 

RNH.C(NR)0C,H.+HC1  -  RNHCONHR+C.H.Cl. 

Many  experiments  were  made  in  the  effort  to  trace  out  the 
course  of  this  exceedingly  important  reaction  so  that  it  could  be 
positively  ascertained  whether  the  reaction  followed  the  lines 
of  the  decomposition  of  ordinary  imido  ethers,  and  if  it  did  not, 
to  ascertain  wherein  the  difference  lay. 

When  phenylbeuzimidoethyl  ether  is  allowed  to  stand  in 
hydrochloric  acid  solution,*  or  is  warmed  with  the  same,  the 
reaction  which  occurs  proceeds  in  two  stages :  There  is  first, 
saponification  into  aniline  hydrochloride  and  ethyl  benzoate ; 
secondly,  the  aniline  hydrochloride  reacts  with  unchanged  imido 
ether  to  form  diphcnylbenzamidine  and  alcohol. 

1  The  identity  of  these  compounds  was  proved  by  taking  the  melting-point  of  a  mix« 
tore  of  the  suspected  body  with  one  of  known  constitution. 
S/fivM.  Okem.  (Ivicbig).  365, 138. 
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I.  C.H,Cr^  +H.O+HCI    - 

X)C.H. 


C,H.cf  +C.H.NH..HC1. 

\0C.H. 


II.  C.H.Cr  +C.H.XH,HC1     - 

X)C.H. 

c.h.c^  hch-c.h.oh. 

;       \nhc,h. 

Toward  dilute  acid,  or  even  water  alone,  meth}*!  isoformani- 
lide, 

^NC.H.' 

^OCH. 

is  peculiarly  sensitive.  The  first  products  are  methyl  formate 
and  aniline  hydrochloride,  but  this  latter  immediately  reacts 
with  unchanged  imido  ether  to  give  much  diphenylformamidine. 
The  primary  products,  then,  of  the  decomposition  of  ordinary 
imido  ethers,  are  esters  and  amine  hydrochlorides,  while  a  sec- 
ondary reaction  yields  amidine  hydrochlorides  and  alcohol.  No 
ethyl  chloride  is  formed  in  dilute  aqueous  solution. 

When  the  isourea  ethers  are  decomposed  in  aqueous  solution 
into  ethyl  chloride  and  carbanilide,  several  possibilities  present 
themselves  for  the  mechanism  of  the  reaction. 

RN.^  RNHv       XI 

I. 
RN 

RNHv 

>C0+C,H.C1. 

rnh/ 

This  is  the  same  reaction  that  occurs  when  the  dry  hydrochlo- 
ride is  heated,  a  quantitative  splitting  into  dialphylurea  and 
alkyl  chloride. 

RNHv^  RNHv 

Ila.  >C— OC.H.+HOH  -  >CO-|-C,H.OH. 

RN'^  RNH/ 

II*.   C,H,0H+HC1  -   C,H,C1+H0H, 

I  Am,  Chem.J..  xa,  473. 


RN.s.  RNHv       yCl 

>C— OC.H.H-HC1  -  >C< 

NH/  RNH/      X)C,H. 


>C=NRHCl+C,H,OH. 
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Carbanilide  and  alcohol  are  first  formed  by  saponification, 
while  the  ethyl  chloride  is  due  to  a  reaction  between  the  alcohol 
and  hydrochloric  acid. 

RNHv 
Illtf.  >C— 0C.H,+HC1+H.0  - 

RNH,.HC1+RNHC00C,H,. 

RNHv 
III*.  >C— OC,H,+RN  H,HC1    - 

RN^ 

RNH, 

RNH' 

IILr.  RNHCOOC,H,+RNH,HCl    - 

(RNH).CO+C.H.OH+HCl. 

C,H,0H+HC1   -    C.H,Cl+H.O. 

This  involves  (a)  the  formation  of  aniline  hydrochloride  and 
phenyl  urethane.  These  two  compounds  might,  in  turn,  give 
cartmnilide  and  alcohol  as  a  primary  reaction,  while  a  small 
amonnt  of  the  aniline  hydrochloride  reacts  with  unchanged  iso- 
Qiea  ether  to  form  triphenylguanidine. 

It  will  be  noticed  that  Ilia  and  III*  follow  exactly  the  lines  of 
decomposition  of  ordinary  imido  ethers. 

When  ethyl  isodiphenylurea  and  one  per  cent,  hydrochloric 
acid  are  heated  at  100^  for  eight  hours,  the  tubes  open  with 
slight  pressure,  due  to  ethyl  chloride.  The  main  product  is 
carbanilide  ;  traces  of  triphenylguanidine  are  also  present. 

A  test  for  alcohol  with  benzoyl  chloride  and  caustic  soda  gave 
negative  results.  This  shows  that  the  reaction  cannot  proceed 
according  to  II.  Since  ethyl  alcohol  and  aqueous  hydrochloric 
acid  do  not  give  ethyl  chloride,  alcohol  should  be  in  the  solu- 
tbn,  but  the  above  test  proved  its  absence. 

Bearing  upon  equation  III  are  the  following  data  :  In  one 
experiment  the  contents  of  the  tube,  after  treatment  with  alkali, 
^ve  a  few  drops  of  oil  which  the  bleaching-powder  te^t  showed 
to  be  aniline  (Hla) .  Between  aniline  and  the  urea  ethers  there 
is  no  reaction.     ( See  below. ) 

When,  however,  ethyl  isocarbanilide  is  heated  with  a  dilute 
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aqueous  solution  of  aniline  hydrochloride  at  loo**,  traces  of  tri- 
phenylguanidine  are  obtained  (III^).     But  when  phenyl  ureth- 
ane  and  aniline  hydrochloride  were  heated  for  eight  hours  in  a 
sealed  tube  at  100**,  the  tube  opened  without  pressure  ;  no  carb- 
anilide   and   no  ethyl  chloride   were    obtained.      The    phenyl 
urethane  was  recovered   unchanged  ;    this  disproves  the  pos- 
sibility   of    Illr.     Hence    the    formation    of    carbanilide   and 
ethyl   chloride,    the    main  products    of    the    action  of    dilute 
aqueous     hydrochloric     acid     on     ethyl     isocarbanilide,     can- 
not proceed  according  to  III.     I  alone  accounts  fully  for  the 
formation  of  these  compounds.     Equation  I,  therefore,  positively 
represents  the  true  action  of  aqueous  hydrochloric  acid  on  urea 
ethers  in  its  principal  phase.     The  formation  of  the  by-product, 
triphenyl  guanidine,  takes  place,  as  just  shown,  by  the  secondary 
reactions,  Ilia  and  III^.     These  reactions  bring  out  the  radical 
point  of  difference  between  the  imido  ethers  and  the  urea  ethers. 
With  the  former,  the  reactions  corresponding  to  Ilia  and  Hid 
are  the  exclusive  ones,  or  predominate.' 

With  the  urea  ethers,  I  has  become  the  most  prominent,  while 
1 1  la  and  1 11^  are  almost  entirely  absent.* 

Action  0/  Glacial  Acetic  Acid, — When  a  slight  excess  of  glacial 
acetic  acid  was  added  to  ethylisodi-<?-tolylurea,  the  formation  of 
a  white  solid  and  of  ethyl  acetate,  recognized  by  its  odor,  was 
observed.  The  reaction  was  completed  by  heating  in  an  oil- 
bath  at  130°  for  a  short  time.  When  examined,  the  solid  resi- 
due proved  to  be  pure  (?-carbtoluide.  The  course  of  the  reaction 
is  as  follows  : 

C,H,NH 

\c— OC,H,+CH,COOH    - 

C,H,NHv        .OCOCH,       C,H,NHv 

>C<     ^     -         -.  >C0+CH,COOC,H,. 

c,h,nh/    \ioc,H,      c,h,nh/ 

Addition  of  the  acetic  acid  doubtless  occurs,  forming  an    inter- 

^  A  reaction  according  to  I  does  not  aeem  to  be  recorded  in  the  literature  of  the 
ordinary  imido  ethers,  but  it  is  thought  that  a  careful  investigation  will  sho^r  that  it 
takes  place  to  a  very  small  extent. 

s  These  facts  seem  to  shed  valuable  light  on  the  constitution  and  behavior  of  the 
hydrochlorides  of  imido  ethers  and  urea  ethers.  Their  bearing  on  this  subject  ^vill  be 
discussed  by  Dr.  Stieglitz  in  a  paper  on  the  subject  in  the  Am.  Chem.J.,  ai,  lox. 
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mediate  acetate,  which  is  too  unstable  to  be  isolated.  This 
addition- product  begins  to  decompose  at  ordinary  temperatures, 
ginng  acetic  ether  and  <?-carbtoluide,  a  reaction  analogous  in 
every  way  to  that  with  hydrochloric  acid.  Araylisodi-^-tolyl- 
urea  and  acetic  acid  slowly  react  at  ordinary  temperatures,  and 
on  warming  to  the  boiling-point  of  the  latter,  decomposition  is 
soon  effected-  Two  products  were  obtained,  (?-ditolylurea,  iden- 
tified by  its  melting-point  and  properties,  and  amyl  acetate, 
recognized  by  its  odor. 

Action  of  Dilute  Sulphuric  Acid. — Dilute  sulphuric  acid  acts 
upon  the  isourea  ethers  less  readily  than  hydrochloric  acid.  In 
the  cold  the  complete  decomposition  is  very  slow.  On  heating 
methylisodi-^-tolylurea  with  five  per  cent,  sulphuric  acid  in  a 
sealed  tube  at  ioo°-iio®  for  four  hours,  complete  saponification 
followed.  The  tube  opened  without  pressure.  Much  (7-carb- 
toluide  had  crystallized  out,  and  the  clear  solution  gave  no  test 
for  urea  ether  on  heating  with  dilute  hydrochloric  acid. 

Ammonium  hydroxide  gave  a  very  slight  precipitate — possi- 
bly of  tritolylguanidine — but  the  amount  was  not  sufficient  for 
identification.  The  presence  of  methyl  alcohol  was  shown  by 
the  benzoyl  chloride  test.  The  reaction  evidently  follows  the 
same  lines  as  that  with  dilute  hydrochloric  acid. 

RNHv,  RNHv       yO  CH, 

la.  >C— OCH,+H,SO,     -  >C<; 

RN^^  RNH/     ^OSO.OH 

(RNH),CO+CH,SO,H. 
I^.  CH,SO,H+H,0    -    CH.OH+H,SO,. 

The  relation  of  the  decomposition  here  to  that  of  the  imido 
ethers  is  the  same  as  in  the  preceding  cases. 

The  action  of  strong  sulphuric  acid  was  tried  in  order  to  com- 
pare the  relative  behavior  of  oxygen  and  thiourea  ethers.  Will 
and  Bielschauski'  found  that  when  ethylthiodi-^-tolyl  urea  was 
heated  "with  twenty  per  cent,  sulphuric  acid  at  i6o°-i70°  for 
three  hours,  incomplete  saponification  followed,  with  the  forma- 
tion of  ^-toluidine  and  monothio-/?-tolyl  urethane. 

C,H,NH 

^^-  \cSC.H.+H.O  -    C,H,NH,+C,H,NHCOSC,H.. 

1  Ber.  d.  chem,  Ges.,  13, 1317. 
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Ethyl  isocarbanilide  was  heated  under  like  conditions.  The 
tube  opened  with  pressure  due  to  carbon  dioxide.  The  contents 
of  the  tube,  which  formed  a  clear,  dark-brown  solution,  were 
shaken  out  with  ether.  This  yielded  nothing,  showing  the 
absence  of  phenyl  urethane.  This  acid  solution,  when  neutral- 
ized, gave  an  oil  which  the  bleaching-powder  test  proved  to  be 
aniline.     Complete  saponification  according  to 

(C,H.N:)C(NHC,HJ0C,H,+H,S0,+2H,0  - 

(C.H,NH.),SO,+C,H,OH+CO, 
evidently  takes  place. 

Carbanilide,  the  first  saponification  product  according  to  p. 
171,  I,  I  found,  is  completely  saponified  by  twenty  per  cent,  sul- 
phuric acid  at  150*^-160'',  in  the  course  of  three  hours.  Phenyl 
urethane,  the  first  saponification  product  to  be  expected  accord- 
ing to  the  behavior  of  the  thiourea  ethers  (p.  171,  II)  is, 
according  to  my  observations,  much  more  slowly  decomposed 
under  the  same  conditions,  considerable  urethane  being  recov- 
ered. There  is  no  doubt,  therefore,  that  even  toward  twenty 
per  cent,  sulphuric  acid,  at  160*^,  urea  ethers  first  lose  alcohol 
and  not  aniline,  by  saponification,  in  marked  contrast  to  the 
thiourea  ethers  and  ordinary  imido  ethers. 

Action  of  Ammonia  and  Aniline. — Reference  has  been  made* 
to  what  is  doubtless  one  of  the  most  characteristic  reactions  of 
the  imido  ethers  ;  that  is,  the  remarkable  ease  with  which  they 
react  with  ammonia  or  substituted  amines  in  the  cold  or  on 
warming  slightly  to  form  amidines.     Thus,  benzimido  ether, 

C.H.C^ 

X)C.H. 

reacts  readily  and  smoothly  with  ammonia  to  form  benzamidine. 


and  with  aniline  to  form  phenylbenzamidine, 

,NH 


C.H.cf 


•NHC.H. 

1  Page  138. 
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Methyl  isoformanilide, 


X)CH, 

■ 

with  aniline  or  aniline  hydrochloride  gives  a  quantitative  yield 
of  diphenylformamidine, 

^NHC.H, 

while  the  oxygen  ethers  of  succinimide  react  with  aniline  with 
evolution  of  heat  to  form  an  amidine  derivative.* 

Judging  then  from  analogy  alone,  the  isourea  ethers  which 
contain  this  same  grouping  should  react  readily  to  form  substi- 
tuted guanidines.  The  results  of  the  experiments  directly  con- 
tradicted this  expectation,  and  showed  the  surprising  stability 
of  the  isourea  ethers  toward  basic  reagents. 

A  solution  of  ethylisodiphenyl  urea  in  alcoholic  ammonia  was 
heated  at  i30*-i40*  for  several  hours.  The  tube,  which  opened 
without  pressure,  contained  an  oil  which  was  soluble  in  hydro- 
chloric acid,  and  did  not  respond  to  any  of  the  tests  for  aniline. 
On  wanning  the  acid  solution,  carbanilide  and  ethyl  chloride 
were  formed,  showing  that  the  oil  consisted  of  unchanged  urea 
ether.  No  trace  of  triphenylguanidine  could  be  found  in  the 
acid  filtrate. 

When  the  ammoniacal  solution  was  heated  to  i90**-20o',  par- 
tial reaction  occurred.  Traces  of  diphenylguanidine  were  iso- 
lated, but  most  of  the  ether  was  unchanged. 

On  heating  methylisodi-^-tolyl  urea  with  alcoholic  ammonia  at 
200*  for  three  hours,  a  very  incomplete  conversion  into  di-o- 
tolylgnanidine  (m.  p.  179**)  took  place. 

R.NH  RNH 

^>C— OC,H.+NH,    ^         J^C— NH,+C,H.OH. 
RN-^  RN^ 

It  has  been  previously  shown*  that  ethylisodiphenyl  urea 
and  aqueous  aniline  hydrochloride  at  lOo"*  give  carbanilide  and 
traces,  but  only  sli£'hi  traces,  of  triphenylguanidine.     An  effort 

iComstock  ftnd  Wheeler :  Am.  Ckem.  /.,  is,  lo. 
*  Page  169. 
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was  made  to  prepare  triphenylguanidine  directly  from  the  two 
substances.  Molecular  proportions  of  aniline  and  urea  ether 
were  heated  in  an  oil-bath  at  i40®-i5o''  for  several  hours.  The 
oily  product  gave  a  test  for  aniline,  and  on  warming  with  dilute 
hydrochloric  acid,  in  which  it  dissolved,  carbanilide  was  depos- 
ited, showing  the  presence  of  unchanged  urea  ether. 

The  acid  filtrate  contained  no  trace  of  triphenylguanidine. 
As  there  was  no  reaction  at  the  temperature  employed,  the  mix- 
ture was  heated  at  290®-30o'*  for  five  hours.  The  tube  whicli 
opened  with  pressure,  was  filled  with  combustible  gases.  It 
contained  aniline,  traces  of  urea  ether,  and  a  few  crystals  of  carb- 
anilide but  no  triphenylguanidine.  The  explanation  of  this 
will  be  seen  in  the  action  of  heat  upon  the  urea  ether  alone. 

These  experiments  with  ammonia  and  aniline  show  clearly 
the  remarkable  stajbility  of  the  urea  ethers,  as  compared  with  the 
imido  ethers.  The  explanation  for  this  must  lie  in  the  fact  that 
the  addition  of  an  anilido  group,  C^H.NH,  to  the  imido  ether 
complex  has  made  the  molecule  more  positive.  If  more  nega- 
tive groups  are  introduced  into  a  urea  ether,  as  is  the  case  with 
the  ethoxy  ether  of  dicarbethoxy  urea,  ammonia  again  reacts 
easily  and  smoothly  with  the  formation  of  a  guanidine. 

C.H.of 

\0C.H. 

reacts  easily  with  ammonia  and  aniline. 

C.H.NH.C^ 

reacts  with  ammonia  with  great  difficulty,  and  not  at  all  with 
aniline. 

^N— COOC.H. 
C.H.OOCNHCe^ 

X)C,H. 

reacts  easily  with  ammonia. 

This  same  effect  of  increasing  the  negative  nature  of  the  mole- 
cule is  seen  in  the  behavior  of  the  thiourea  ethers.  Here  a 
much  greater  activity  is  noticed.  Thus  ethylthiodiphenyl  urea 
reacts  at  120''  with  alcoholic  ammonia  to  form  mercaptan  and 
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diphenylguanidine'  while  boiling  with  aniline  is  sufficient  to  con- 
vert methylthioditolyl  urea  into  phenylditolylguanidine  and 
methylsulphhydrate.* 

Action  of  Heat  upon  the  Urea  Ethers, — The  results  of  the  last 
experiment  with  aniline  and  urea  ether  led  to  trying  the  effect  of 
heat  alone. 

Ethylisodiphenyl  urea  was  heated  for  five  hours  at  295**-300°, 
and  a  gas,  ethylene,  escaped,  which  burned  with  a  luminous 
flame.  The  residue,  which  was  a  semisolid  mass  mixed  with 
crystals,  consisted  of  carbanilide  and  polymerized  carbodi- 
phenylimide.  The  formation  of  polymerized  carbodiphenyl- 
imide  in  this  reaction  would  indicate  that  the  decomposition  of 
ethyl  isocarbanilide  is  not  directly  into  ethylene  and  carbanilide, 
which  gives  phenyl  isocyanate,  but  no  carbodiphenylimide.  It 
is,  then,  far  more  likely  that  at  this  high  temperature  the  isocarb- 
anilides  are  decomposed  back  into  carbodiphenylimide  and 
alcohol,  the  reaction  by  which  they  are  formed  being  reversed  ;' 

C.H.NH 
(C.H,N:).C+C,H,OH      Z  \c_OC.H, 

and  the  alcohol  breaking  down  partly  into  ethylene  and  water, 
the  latter  combines  with  the  carbodiimide  to  form  carbanilide.* 
Action  of  Potassium  Hydroxide. — A  solution  of  methyliso-(7- 
carbtoluide  in  strong  alcoholic  potash  is  not  decomposed  by  long 
standing  or  even  by  boiling.*  The  recovered  oil  responded  to 
the  tests  for  the  urea  ethers.  •  Some  of  the  urea  ether,  dissolved 
in  alcoholic  potash,  was  heated  in  a  sealed  tube  at  160*"  for  three 
hours.  The  tube  opened  without  pressure.  When  the  alcoholic 
solution  was  acidified  with  hydrochloric  acid  there  was  an  evo- 
lution of  carbon  dioxide  ;  no  unchanged  urea  ether  was  found. 
The  solution  contained,  however,  an  oil  soluble  in  the  acid. 

I  Rathke  :  Ber.  d.  chem,  Ges.^  14*  1776. 
a  Ibid.,  15,  1309. 
»  Page  140. 
!  *  Ethyl  thiocarbanilide  (or  toluide)  breaks  down  in  like  manner  on  heating  into 

cthylmercaptan  and  carbodiphenylimide. 
I  ^Methyl thiocarbanilide  breaks  down  into  carbanilide  and  mercaptan  when  boiled 

with  alcoholic  potash. 

RNH 

^— SCH, +  H,0    -►    (RNH),CO  +  CH|SH. 
'  UN 

Will :  Ber.  d.  cAem.  Ges.,  14, 1489. 


176  p.    B.    DAINS. 

This,  with  benzoyl  chloride,  gave  (?-beDztoluide  (m.  p.  143^)  and 
was,  therefore,  i?-toluidine.  Methylisodi-(?-tolyl  urea  shows  the 
same  stability  toward  boiling  ten  per  cent,  caustic  soda.  No 
saponification  follows.*  When  heated  with  the  aqueous  alkali 
for  three  hours  at  160"*  the  decomposition  was  complete.  The 
carbon  dioxide  was  absorbed  by  caustic  soda  and  the  ^-toluidine 
identified  by  changing  into  <>-benztoluide.  The  clear  solution 
contained  methyl  alcohol.  This  was  shown  by  the  benzoyl 
chloride  test.  The  reaction  can  doubtless  be  represented  as  fol- 
lows : 

RNH  RNH 

a.  >C— OCH,+H,0   -  >CO+CH.OH 

RN  RNH 

RNHv 
*.  >CO+H,0   -    2RNHi+CO.. 

RNH^ 

Experiment  showed  that  a  dialphyl  urea,  such  as  carbanilide, 
was  readily  and  completely  saponified  at  160^  by  ten  per  cent, 
aqueous  or  alcoholic  potash. 

These  experiments  have  brought  out  incidentally  the  relative 
stability  toward  acids  and  alkalies  of  the  oxygen  and  thiourea 
ethers.  By  hydrochloric,  sulphuric,  and  acetic  acids,*  the  oxy- 
gen ethers  are  gradually  decomposed  in  the  cold,  but  readily 
when  heated,  while  the  opposite  is  true  of  the  thiourea  ethers. 
Thus,  methyl  thiocarbauilide  can  be  boiled  with  strong  hydro- 
chloric acid  without  change ;  decomposition'  into  aniline  and 
mercaptan  is  only  effected  by  heating  with  concentrated  acid  at 
150*.  With  basic  reagents  the  oxygen  ethers  show  a  much 
greater  stability. 

Previous  experiments  have  shown  their  inertness*  toward 
ammonia,  aniline,  and  caustic  alkalies.  On  the  other  hand,  the 
same  reagents  react  with  relative  ease  with  the  thiourea  ethers.* 

Action  of  Hydrogen  Sulphide. — Many  of  the  experiments  thus 
far  described  have  borne  directly  upon  the  relation  between  the 
urea  ethers,, the  imido  ethers,  and  the  thiourea  ethers.     It  must 

1  Bthyl  isocarbanilide  heated  at  i3o*-i3o*  for  six  hours,  under  like  conditions,  z^v^ 
mainly  unchanged  urea  ether,  only  traces  of  aniline,  and  no  carbanilide. 

>  Pages  166, 171, 170. 

>  Weith  :  Ber.  d.  chem.  Ges.^  14, 1490. 
4  Pages  172  and  175. 

ft  Ber.  d.  chem.  Ges.^  14, 1489  and  1490.  , 
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not  be  forgotten  that  the  urea  ethers  contain  also  the  amidine 
gronping 

rnh/ 

and  hence  could  show  some  of  the  typical  reactions  of  the  ami- 
dines.  Bemthsen'  has  found  that  there  are  two  reagents,  hydro- 
gen sulphide  and  carbon  disulphide,  that  react  in  an  especially 
characteristic  manner  with  this  class  of  compounds.  Thus,  if 
a-benzenyldiphenylamidine  is  heated  at  ISC'*-! 65**  in  a  stream  of 
dry  hydrogen  sulphide,  there  is  a  quantitative  splitting  into  ani- 
line and  thiobenzanilide. 


c.H.ce;  +H.S  - 

^NNC.H. 


NHC.H. 

/ 
C.H,C— SH 

NHC.H. 

Not  ifolated. 

-  C.H.NH.+C.H,C(f 

^NHC.H. 

The  carbon  disulphide  reaction,  which  is  somewhat  similar, 
will  be  discussed  later. 

Dry  hydrogen  sulphide  was  passed  over  ethylisodiphenyl  urea 
in  a  distilling  bulb  immersed  in  an  oil-bath.  This  was  con- 
nected with  another  distilling  bulb,  which  served  as  a  receiver, 
while  the  gaseous  products  of  the  reaction  were  led  over  alco- 
holic ammonia  for  the  purpose  of  absorbing  any  carbon  disul- 
phide that  might  be  formed.  At  130**- 140®  there  was  no  reac- 
tion, the  urea  ether  remaining  unchanged.  When  the  tempera- 
ture was  raised  to  i8o''-i90®  slow  decomposition  began.  A  few 
drops  of  oil  distilled  over  in  the  receiver.  This  was  soluble  in 
hydrochloric  acid,  and  responded  to  the  bleaching-powder  test 
for  aniline,  and  with  benzoyl  chloride  gave  benzanilide.  A 
slight  residue  of  carbanilide  was  left  in  the  distilling  bulb. 
When  the  solution  of  alcoholic  ammonia  was  evaporated  to  dry- 
ness and  the  residue  taken  up  with  water,  it  gave,  with  ferric  . 
chloride,  a  test  for  ammonium  thiocyanate,   showing  that  car- 

\Ann.  Chem.  (Uebig).  191,33. 
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bon  disulphide  had  been  absorbed.  Mercaptan,  C,H^SH,  was 
recognized  among  the  gaseous  products  by  its  odor.  Any  reac- 
tion, then,  must  take  into  account  the  formation  of  these  com- 
pounds :  carbanilide,  aniline,  carbon  disulphide,  and  mercaptan. 

Three  possibilities  are  open  to  consideration  : 

RNH 

la.         ^C-OC.H.-f  H.S  - 

RN 

RNH  yOC.H, 

>C<      -  {RNH).CO+C,H,SH. 
RNH  ^SH 

RNH 
I^.    >CO+H,S  -  2RNH,H-C0S. 
RNH 

The  hydrogen  sulphide,  which  is  a  weak  acid,  acts  in  this 
case  like  hydrogen  chloride,  the  unstable  addition-product 
breaking  down. 

RNH     y\ocW 
Ilfl.         >C<^^|    '    *  -^     (RNH),CS+C,H,OH. 
RNH    ^s|H 

11^.  (RNH),CS+H,S  -    2RNH,-f-CS,. 

Here  ethyl  alcohol  is  lost,  instead  of  mercaptan,  from  the 
addition-product,  giving  thiocarbanilide. 

RNH  V       /OC,H, 
Ilia.     >C<  -    RNHCSOC.H,-f  RNH, 


RNHr       >^SiHi 

lllc.  RNHCSOC,Hi+H.S    -    RNH.+CS,+C,H,OH. 

The  intermediate  phenylthiourethane  is  saponified  in  much  the 
same  way  as  with  dilute  acids.  It  will  be  noticed  that  III  is  the 
only  one  in  which  the  normal  decomposition  of  amidines  is  fol- 
lowed out. 

The  formation  of  mercaptan  and  carbanilide  proves  that  the 
reaction  certainly  proceeds,  to  some  extent,  according  to  la.  That 
this  could  also  account  for  some  of  the  aniline  was  shown  by  a 
special  experiment. 

Carbanilide  at  190**  was  found  to  be  very  slowly  attacked  by 
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hydrogen  sulphide  with  the  formation  of  aniline  (I*).  The  ex- 
ceeding slowness  of  this  reaction,  however,  as  compared  with 
the  action  of  hydrogen  sulphide  upon  the  urea  ethers,  makes  it 
certain  that  reaction  II  or  III,  or  both,  must  occur. 

No  further  experimental  evidence  was  obtained  on  this  point ; 
but  the  general  fact  that  the  urea  ethers  lose  much  more  readily 
the  alkyl  group  giving  carbanilides*  than  an  aniline  group  giv- 
ing urea  ethers,  would  be  in  favor  of  II. 

Action  of  Carbon  Bisulphide, — When  benzenyldiphenylamidine 
is  heated  with  carbon  disulphide  at  130**- 140*,  there  is  formed 
thiobenzanilide  and  phenyl  mustard  oil. 

C.H.C^  +CS,    -   C.H.Cr  +C.H,NCS. 

^NHC.H,  ^NHC.H, 

The  double  bond  is  the  point  of  attack  with  consequent  loss 
of  the  imido  group.  Will  and  Beilschauski*  have  investigated 
the  action  of  carbon  disulphide  upon  the  thiourea  ethers.'  They 
have  shown,  for  instance,  that  methylthio-/-tolyl  urea,  heated 
with  carbon  disulphide  at  180**,  yields  /-tolyl  mustard  oil  and 
/•tolyldithiourethane, 

C,H,N  H 

\c— SCH,+CS.    -    C,H,NCS+C,H,NHCSSCH., 
C,H,N 

a  result  analogous,  in  all  respects,  to  that  with  a  true  amidine. 
Other  thio-ethers  behave  in  a  similar  manner. 

Ethylisodiphenyl  urea  w^s  heated  with  carbon  disulphide  at 
170'  for  six  hours.  The  tube  opened  with  pressure  due  to  com- 
bustible gases.  These  slowly  precipitated  silver  sulphide  from 
a  silver  nitrate  solution  due  to  the  presence  of  carbonyl  sul- 
phide (COS).  The  contents  of  the  tube,  which  consisted  of  a 
solid  mixed  with  an  oil,  were  washed  out  with  ligroin.  The 
solid,  after  crystallization  from  alcohol,  proved  to  be  thiocarbani- 
lide.  The  ligroin,  after  evaporation,  left  an  oil  with  the  odor  of 
phenyl  mustard  oil.  That  it  was  the  mustard  oil  was  proved  by 
the  fact  that  it  reacted  directly  with  alcoholic  ammonia,  giving 

^  Weith  has  shown  that  thiocarbanilide  and  hydrogen  sulpbide  at  170*  give  a  quanti- 
tative yield  of  aniline  and  carbon  disulphide.    Ber.  d.  chem.  Ges.y  7,  1304. 
*Bemthsen  :  Ann.  Ckem.  (I4ebig),  199,  32. 
*Ber.d.chem.  Ges.,  iSt  1317- 
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monophenylthiourea,  and  with  aniline  to  ionn  thiocarbanilide. 
Methyliso-<7-tolyl  urea  was  heated  under  like  conditions  with 
carbon  disulpbide.  The  tube  opened  with  pressure  due  to 
inflammable  gases  that  slowly  precipitated  silver  sulphide.  The 
contents  of  the  tube  consisted  of  (7-tolyl  mustard  oil  and  ^-thio- 
carbtoluide,  which  were  separated  and  identified  as  in  the  pre- 
vious experiment.  If  the  reaction  proceeded  as  with  other  ami- 
dines,  it  would  be  formulated  as  follows  : 

RNH 

I.  ^C— OC,H,+CS,   -    RNHCSOC.H,H-RNCS, 

RN 

giving  phenyl  mustard  oil  ;  and  the  y^-thiourethane  which  was 
not  isolated  would  have  to  break  down  according  to 

11.     2.RNHCSOC,H,    --    (RNH),CS+COS+(C,H.),0 

into  thiocarbanilide,  carbon  oxysulphide,  and  ether.' 

The  action  on  silver  nitrate  indicated  carbon  oxysulphide, 
and  the  correctness  of  this  equation,  and  thereby  of  the  whole 
interpretation,  was  proved  as  follows  : 

Pure  ytf-thiophenylurethane*  was  heated  in  a  sealed  tube  at 
i70*-i8o®  for  six  hours.  The  tube  opened  with  pressure  due  to 
inflammable  gases  that  slowly  precipitated  silver  sulphide  from 
a  silver  nitrate  solution.  The  contents  consisted  of  a  little 
phenyl  mustard  oil  formed  by  simple  dissociation  of  the  ureth- 
ane, 

C.H.NHCSOC.H.    -^    C.H,NCS+C.H,OH, 

and  of  thiocarbanilide.  The  decomposition  occurs  as  already 
pointed  out  in  equation  II. 

The  same  products  were  obtained  when  /9-thiophenylurethane 
was  heated  in  carbon  disulphide  solution.  The  experiments 
indicate  that  with  a  neutral  reagent  like  carbon  disulphide,  the 
oxygen-urea  ethers  lose  an  imide  group  behaving,  in  all  respects, 
like  a  true  amidine. 

The  thiourea  ethers  react  in  this  same  way,  the  only  differ- 
ence being  in  the  stability  of  the  dithiourethane  formed. 

1  Dithiophenylurethane,  CaHftNHCSSC,H„  formed  by  the  action  of  carbon  diaul- 
phide  on  the  thlo-ethers,  is  stable  at  tbis  temperature.— J'«r.  d.  ckem.  Ges.,  iSi  1317. 

*  The  decomposition  of  the  thiourethane  will  be  further  investisrated  and  the  results 
published  in  a  later  paper. 
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The  Action  of  Acyl  Chlorides  upon  the  Urea  Ethers, — Bodies  of 
the  type 

RNH— C<^ 

present  toward  acyl  chlorides,  two  points  of  attack,  the  double 
bond  and  the  hydrogen  attached  to  the  anilido  group,  which 
ought  to  be  easily  replaced  by  an  acyl  group,  since  the  body  is 
a  strong  base  ;  i,  ^.,  anilidophenylimidoformic  ether. 

Wheeler  and  Walden*  have  made  a  most  interesting  discovery' 
that  the  acyl  chlorides  act  on  phenylimido  esters  easily  and 
smoothly,  acetyl  chloride  giving  with  phenylimidoformic  ester, 
acetylfomianilide  and  ethyl  chloride.  They  have  formulated 
the  reaction  as  follows  : 

^,NC.H.  /^\'"* 

HC^  +C1.C0CH,    -*    HC<      \C0CH, 

N)c.H.  I  \  ci    ; 


o 


C,H. 


-    (HC0)N(C,H,)(C0CH,)+C1C,H.. 

On  the  other  hand,  they  found  that  benzimidomethyl  ester 
containing  an  imide  group,  NH,  with  a  replaceable  hydrogen 
atom  reacts  according  to 

2C,H.C^  +C1.C0C.H,  - 

^OCH. 

N-COC.H.  >,NH 

C.H.C^  +C.H.Cr.  HCl. 

^OCH.  ^OCH, 

The  intermediate  addition-product  loses  hydrogen  chloride, 
which  immediately  unites  with  a  second  molecule  of  the  more 
basic  free  imido  ether  to  form  a  salt.  The  product  then  contains 
equal  molecules  of  benzimidomethyl  ester  hydrochloride  and 
benzoylbenzimidomethyl  ester.' 

If  freshly  distilled  acetyl  chloride  (a  slight  excess  over  one 
molecule)  is  added  to  a  benzene  solution  of  ethyl  isocarbanilide 
(one  molecule) ,  reaction  soon  begins.     The  use  of  a  neutral  sol- 

"^Am.  OUm.J,,  19, 130. 

s  Wheeler  apd  Walden  :  Ibid,^  xg,  136. 
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vent  is  necessary  in  order  to  control  the  action.  After  standing 
for  thirty-six  hours,  the  benzene  was  filtered  from  a  white  solid 
that  had  crystallized  out.  This,  on  examination,  proved  to  be 
pure  carbanilide ;  there  was  no  trace  of  any  hydrochloride  or 
salt  of  any  base.  The  solution  when  evaporated  directly  yielded 
acetyldiphenylurea,  a  body  previously  described  by  McCreath.* 

When  ethylisodiphenylurea  and  benzoyl  chloride  are  mixed, 
there  is  no  reaction  at  first,  but  on  standing  for  a  short 
time,  the  mixture  warms  up  and  becomes  semisolid. 
It  is  better,  however,  to  dissolve  the  urea  ether  in  ben- 
zene, add  the  benzoyl  chloride,  and  allow  the  solution  to  stand 
two  or  three  days.  A  white  solid  is  slowly  deposited  ;  this,  as 
in  the  previous  case,  was  found  to  be  pure  carbanilide,  with  no 
admixture  of  any  other  body.  The  solution,  on  evaporation, 
gave  a  new  compound,  benzoyldiphenylurea,  which  was  purified 
by  recrystallization  from  ligroin  (40**-6o'')  and  alcohol. 

Analysis  :* 

0.1027  gram  substance  gave  8.4  cc.  moist  nitrogen  at  21.5** 
and  748.3  mm. 

Calculated  for 
CoHieNsOs.  Found. 

Nitrogen 8.86  9.18 

Benzoyldiphenylurea , 

C.H.NH 

\co 

C.H.N 

I 
COC.H, 

is  insoluble  in  water,  and  easily  soluble  in  ordinary  organic  sol- 
vents. It  crystallizes  in  fine  white  needles,  which  melt  at  131*. 
When  heated  a  little  above  its  melting-point,  it  dissociates,  giv- 
ing benzanilide  and  phenyl  isocyanate,  a  reaction  which  also 
characterizes  monacetylcarbanilide.  These  bodies,  which  can 
be  prepared  by  the  action  of  phenyl isoc3'^anate  upon  the  anilides,' 
are  relatively  unstable,  and  dissociate  easily  into  their  compo- 
nents. 

1  Ber.  d.  chem.  Ges.^  B,  iz8i ;  Kuhn  :  Ibid.^  17,  2282. 

3  This  analysis  was  kindly  made  for  me  by  Mr.  M.  D.  Slimmer,  of  this  laboratory. 

I  McCreath  :  Ber.  d.  chem.  Ges..  8,  iiSx. 
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Since  the  isourea  ethers  possess  two  points  of  Attack,  the 
formation  of  these  acyldiphenylareas  can  be  explained  in  two 
ways : 

I.  C.H.NH— Cr^  +C1C0R  - 

\OC,H. 

C.H.NHC    COR         -     C,H.C1+C.H.NHC<^     \.qj^ 

\:i  O 

L-OC,H. 

II.  C.H.NH— Cf  +C1C0R  - 

\0C.H. 


C.H,N— C^      '     +HC1  -^    C.H.N— CNHC.H,+  C,H.C1. 
I         ^OC.H.  I       II 

COR  COR  O 


In  one  the  acyl  chloride  adds  to  the  double  bond,  the  usual 
point  of  attack  in  imido  ethers,  but  the  very  unstable  addition- 
product  loses  ethyl  chloride,  giving  the  monacyldiphenylurea. 
The  formation  of  carbanilide  is  doubtless  due  to  traces  of  free 
acid  in  the  acyl  chloride.*  These  results  correspond  in  every 
way  to  the  action  of  acid  chlorides  on  the  phenylimido  ethers.' 

While  the  reaction  most  probably  proceeded  according  to  I, 
the  second  possibility  had  to  be  considered.  Here  the  anilido 
hydrogen  is  replaced  by  the  acyl  group,  while  the  free  hydro- 
chloric acid  reacts  with  an  acylurea  ether,  splitting  off  ethyl 
chloride  and  so  giving  the  same  end-products.  The  ease  with 
which  the  urea  ethers  unite  with  dry  hydrogen  chloride  has  been 
set  forth  before.  These  hydochlorides  are  stable  at  ordinary 
temperatures  in  the  absence  of  moisture.'  For  this  reason,  if 
any  hydrochloiic  acid  was  set  free,  it  would  immediately  unite 
with  another  molecule  of  urea  ether  to  form  the  urea  ether 
hydrochloride  insoluble  in  the  solvent  used.     This  is  shown  also 

*  Am.  Chem.J,^  ag,  130. 
s  Pmge  141. 
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by  the  behavior  already  referred  to,  of  benzimidomethyl  ester 
and  benzoyl  chloride/ 

The  absence  of  any  hydrochloride  of  the  urea  ether  or  of  any 
acyl  urea  ether  leaves  the  second  (II)  interpretationof  the  action 
of  acyl  chlorides  without  a  single  experimental  piece  of  evidence 
in  its  favor,  and  makes  the  first  (I)  the  more  probably  correct 
one.  The  reaction  is  of  some  importance,  since  it  must  be  con- 
sidered as  throwing  some  light  on  the  constitution  of  the  salts — 
such  as  the  hydrochlorides —  of  the  urea  ethers.* 

For  these  compounds  two  constitutions  are  possible: 

/NH,RC1 
A.     RN=CC 

^OR' 

RNHv       •OR' 


RNH 


/    ^Cl 


One  would  certainly  think  that  if  the  basicity  of  the  urea 
ethers  was  due  to  the  aniline  groups  forming  ammonium  salts 
(A),  that  the  basic  anilido  group,  C.H^NH,  would  also  show 
the  other  characteristic  reaction  of  such  a  group  in  a  basic 
molecule  ;  vt2. ,  the  ready  forrpation  of  an  acyl  derivative, 

C.H,N(COC,HJC(:NC.HjOC.H„ 

but  no  such  compound  could  be  obtained,  although  it  was  with 
the  intention  of  preparing  it,  that  this  reaction  was  first  under- 
taken and  then  studied.  On  the  other  hand,  the  formation  of 
the  compounds  actually  obtained, — acyl  carbanilide  and  ethyl 
chloride — is  according  to  I  clearly  in  close  agreement  with  the 
conception  of  the  urea  ether  salts  as  having  the  constitution 

RNH      /OR' 
B,  >C< 

RNH      ^Cl 

Indeed  where  the  imido  ether  grouping,  — C(:NR)OR,  is  miss- 
ing, acyl  chlorides  have  hardly  any  effect.  Thus,  when  carbani- 
lide and  benzoyl  chloride  are  heated  to  i30°-i4o''  in  an  oil-bath, 

1  Page  Tbi. 

2  See  also  Stieglitz  :    Am.  Chem./.,2i,  loi. 
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thediphenyl  urea  goes  into  solution,  but  on  cooling  it  crystal- 
lizes out  unchanged.' 

V.    CARBONYLDIURETHANE. 

The  urea  ethers  thus  far  investigated  have  a  phenyl  or  tolyl 
group  and  are  basic  enough  to  form  definite  salts  with,  and  neu- 
tralize, acids.  It  seemed  now  of  interest  to  ascertain  in  what 
way  the  ethers  of  ureas  would  behave  were  the  phenyl  group  . 
replaced  by  one  still  more  strongly  negative,  such  as  carb- 
ethoxy  or  acyl.     Such  a  urea  would  possess  the  grouping, 

RCONHCONHCOR, 

analogous   to  that  in  the  uric  acids,  and,  in  consequence,  its 
reactions  should  throw  some  light  upon  those  of  the  latter  series. 
A  starting-point  for  the  preparation  of  ethers  of  such  a  urea 
presents  itself  in  carbonyldiurethane, 

CO(NHCOOC,H.). 

(dicarbethoxyurea),  a  compound  whose  constitution  has  been 
definitely  determined,  so  that  no  question  need  arise  on  that 
score.  This  body,  together  with  its  silver  salt,  was  prepared  in 
this  laboratory,*  by  Folin,  who  worked  under  the  direction  of 
Dr.  Stieglitz.  He  found  that  carbonyldiurethane  gave  a  mono- 
silver  salt,  probably 

(AgO)C{:NCOOR)(NHCOOR). 

Such  a  body  would  present  an  excellent  opportunity  for  prepar- 
ing such  isourea  ethers  by  means  of  alkyl  iodide,  and  on  the 
other  hand,  the  formation  of  such  ethers  with  the  constitution 

(RO)C(:NCOOR)(NHCOOR), 

would  be  a  complete  confirmation  of  the  constitution  of  the  sil- 
ver salt.  With  this  twofold  object,  the  action  of  alkyl  iodide 
was  investigated  by  me. 

An  isourea  ether  with  the  above  composition  was  obtained 
without  difificulty,  its  constitution  determined  beyond  a  doubt, 
and  important  changes   in   the  chemical   behavior  of  isourea 

1  At  higher  temperatures  (i6o*-i7o*}  there  is  a  reaction,  the  resulte  of  which  will  be 
described  in  a  later  paper.  The  study  of  the  action  of  acyl  chlorides  and  anhydrides 
00  the  dialphylureas  and  thioureas,  is  being  continued  by  me  (Dainsj. 

s  Am.  Chem.J.^  ig,  348. 
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ethers,  with  the  more  negative  carbethoxy  groups,  COOR, 
attached  to  the  nitrogen  observed. 

Prcparadofi  of  Carbonyldiureihane, — Folin  ascertained  that 
carbonyldiurethane  was  the  main  product  when  a  mixture  of  one 
molecule  of  phosgene,  two  molecules  of  urethane,  and  two  mole- 
cules of  pyridine  were  heated  in  a  sealed  tube  at  85®  for  thirty 
minutes.  A  more  simple  method  of  preparation,  and  one  that 
does  not  involve  the  use  of  a  sealed  tube,  is  as  follows  :  A  mix- 
ture is  made  of  two  molecules  each  of  urethane  and  pyridine  ;  a 
little  benzene  is  used,  if  necessary,  to  complete  the  solution.  A 
flask  containing  a  ten  per  cent,  solution  of  phosgene  (one  mole- 
cule), in  benzene  and  connected  with  an  ice-cooled  condenser, 
is  surrounded  with  a  freezing-mixture.  On  adding  the  urethane 
solution  slowly  to  the  phosgene,  immediate  reaction  occurs*  and 
a  reddish  solid  separates  out  on  the  sides  of  the  flask.  After 
standing  an  hour  the  freezing- mixture  is  replaced  by  water, 
which  is  slowly  warmed  to  the  boiling-point  of  benzene.  This 
latter  temperature  is  maintained  for  an  hour.  When  cold,  the 
liquid  in  the  flask  separates  into  two  layers,  the  upper  of  ben- 
zene, the  lower  a  dark  red  oil  which  slowly  becomes  semisolid, 
owing  to  the  cr>'stallization  of  the  carbonyldiurethane.  On 
examination,  the  upper  layer  was  found  to  contain  very  little 
carbonyldiurethane,  the  most  of  it  being  in  the  red  oil  at  the 
bottom.  This  latter,  after  treatment  with  water,  was  warmed 
to  drive  off  traces  of  benzene,  and  cooled  in  a  freezing-mixture, 
the  carbonyldiurethane  readily  crystallizing  out.  On  concentra- 
ting the  filtrate  and  again  cooling,  a  second  crop  of  crystals  can 
be  obtained  while  extraction  with  ether  removes  the  remainder. 
The  product  is  best  purified  by  crystallization  from  water.  The 
yield  is  about  seventy  per  cent,  of  the  theory.  With  a  sealed 
tube  Folin  had  obtained  a  forty  per  cent,  yield.  The  presence 
of  the  pyridine,  which  absorbs  the  hydrochloric  acid  set  free, 
greatly  facilitates  the  reaction.  A  benzene  solution  of  phos- 
gene and  urethane  alone  does  not  react  at  the  boiling-point  of 
the  benzene. 

Carbonyldiurethane  is  very  stable  toward  acids.*  Fixed 
caustic  alkalies  dissolve  it  with  the  formation  of  soluble  salts. 
For  synthetic  use  the  silver  and  sodium  salts  of  carbonyldiureth- 

&  Folin  :  Am.  Ckem.J.^  19,  348. 


F 


ISOUREA   ETHERS.  1 87 

ane  were  prepared,  the  first  by  Folin's  method,*  the  latter  as 
follows  : 

A  concentrated  solution  of  sodium  ethylate — one  molecule — 
was  added  to  a  solution  of  carbonyldiurethane,  dissolved  in  as 
little  absolute  alcohol  as  possible.  A  gelatinous  precipitate 
formed,  which  soon  changed  to  a  fine  white  crj'stalline  powder. 
From  more  dilute  solutions  ether  throws  down  the  sodium  salt. 
This  was  washed  with  absolute  alcohol  and  ether,  dried  in  a 
vacuum,  and  analyzed. 

0^5800  gram  substance  gave  0.1790  gram  sodium  sulphate. 

Calculated  for 

CTH,,NtOftNa.  Pound. 

Sodium.... lo.iS  10.00 

No  Disodium  Salt  Could  he  Obtained, — The  monosodium  salt, 
is  formed  only  with  a  considerable  excess  of  sodium  ethylate. 
It  is  readily  soluble  in  water  and  dilute  alcohol.  From  a  con- 
centrated water  solution  of  the  sodium  salt,  lead  nitrate  precipi- 
tated the  lead  salt,  but  as  this  was  found  to  be  very  unreactive 
with  alkyl  iodide,  it  was  not  further  investigated. 

With  copper  sulphate  it  gave  not  copper  carbonyldiurethane, 
but  a  hydrated  copper  hydroxide,  showing  that  the  sodium  salt 
is  hydrolyzed  in  solution.  The  constitution  of  these  salts  will 
be  discussed  later. 

The  Action  of  Alkyl  Iodide  upon  the  Silver  Salt, — The  silver  salt 
was  suspended  in  dry  ether  and  a  slight  excess  over  one  mole- 
cule of  ethyl  iodide  added.  After  standing  for  several  days  the 
ether  was  filtered  from  the  silver  iodide.  On  evaporation  there 
is  obtained  an  oil  mixed  with  a  little  carbonyldiurethane.  The 
oil  was  purified  by  washing  with  dilute  alkali,  and  by  solution 
in  ligroin  (b.  p.  40**-6o®),  which  dissolves  only  the  oil.  The 
excess  of  solvent  was  allowed  to  evaporate  in  a  vacuum  desicca- 
tor over  vaseline  and  sulphuric  acid.  The  resulting  product  is 
the  ethoxy  ether  of  carbonyldiurethane, 

(C.H,0)C(:  NCOOC,H,)NHCOOC,H 

(ethylisodicarbethoxyurea) .  It  is  a  colorless  mobile  oil  with  a 
pleasant  odor,  easily  soluble  in  ordinary  neutral  organic  solvents, 
insoluble  in  water  and  insoluble  in  dilute  alkalies.     At  ordinary 

^FoUn  :  Am.ehem.J.^  xg,  350. 
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pressures  it  cannot  be  distilled  without  complete  decomposition. 
Analysis : 

0.2444  gram  substance  gave  26.8  cc.  moist  nitrogen  at  24^  and 
755  mm. 

Calculated  for 
C»OftHi«N|.  Found. 

Nitrogen 12.07  12.30 

Traces  of  the  isomeric  nitrogen  ether  are  often  found,  show- 
ing that  the  reaction  is  not  wholly  one  of  direct  replacement  of 
the  silver  atom.  If  any  nitrogen  ether  is  present  a  carbylamine 
odor  is  obtained  when  the  ether  is  decomposed  with  strong  sul- 
phuric acid  and  then  warmed  with  alcoholic  potash  and  chloro- 
form.    That  the  composition  of  the  oil  is 

HN— COOC,H. 

I 
C— OC.H. 

II 

N— COOC,H, 

(ethylisodicarbethoxyurea)  is  shown  by  its  reactions  with  hydro- 
chloric acid  and  alcoholic  ammonia. 

Action  of  Hydrochloric  Acid  on  Ethylisodicarbethoxyurea. — 
When  dry  hydrogen  chloride  is  passed  over  the  ethoxy  ether  in 
a  test-tube  connected  with  an  azotometer,  ethyl  chloride  is  split 
off  quantitatively  and  is  collected  in  the  azotometer  over  caustic 
potash.     It  was  identified  by  its  burning  with  a  green  flame. 

The  reaction  begins  in  the  cold  and  is  accompanied  with  heat. 
Cooling  the  ether  in  a  freezing-mixture  does  not  prevent  it.  The 
residual  solid  was  found  to-  be  carbonyldiurethane.  This  ren- 
ders certain  the  presence  of  a  third  ethoxy  group  bound  to  car- 
bon, C — OR,  other  than  the  two  ethoxy  groups  in  carbonyldi- 
urethane itself,  since  hydrogen  chloride  at  ordinary  temperatures 
cannot  split  off  alkyl  chloride  from  a  nitrogen  alkyl  derivative, 

>N~C,H., 

and  since  carbonyldiurethane  is  recovered  undecomposed.     The 
same  decomposition  takes  place  with  dilute    aqueous    hydro- 
chloric acid,  slowly  in  the  cold,  rapidly  on   heating.     Carbonyl- 
diurethane seems  to  be  the  only  solid  product  of  the  reaction. 
Efforts  were   made  to  isolate  the  hydrochloric  acid  addition 
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product  by  passing  the  dry  gas  into  a  well-cooled  benzene  solu- 
tion of  the  ether,  but  with  no  success.  Carbonyldiurethane  was 
alone  obtained. 

NHCOOC.H,  NHCOOC,H, 

'  O  'O  H      :' 

II  I       iCl......... : 

N— COOC,H.  NHCOOC.H, 

It  will  be  noticed  that  the  stability  of  the  hydrochloric  acid 
addition  products  decreases  with  the  acidity  of  the  ethers.  Thus, 
while  ethyliso-^-carbtoluide  hydrochloride  •  in  a  stream  of  dry 
hydrogen  chloride  loses  ethyl  chloride  only  at  90",  the  more 
negative  ethoxycarbethoxyurea  reacts  with  hydrogen  chloride 
even  at  o". 

Action  of  Alcoholic  Ammonia, — The  ethoxy  ether  was  dissolved 
in  strong  alcoholic  ammonia.  After  a  few  moments'  standing  a 
fine,  white  precipitate  formed.  This  melted  at  163"*  and  proved 
to  be  identical  with  guanidinedicarboxylate  obtained  by  Nenki' 
from  guanidine  and  chlorcarbonic  ether.  The  compound 
obtained  from  ethylisodicarbethoxyurea  dissolved  readily  in 
dilute  hydrochloric  acid,  and  with  chlorplatinic  acid  gave  a  salt 
which  afforded  still  further  proof  of  its  identity. 

I.  0.1324  gram  substance  gave  0.0316  gram  platinum. 

II.  0.1562  gram  substance  gave  0.0374  gram  platinum. 

Calculated  for  Pound. 

CuHsBOsNtPtClf.  I.  II. 

Platinum 23.91  23*^7  33*94 

Guanidinedicarboxylatechlorplatinate  forms  hard,  red  crystals, 
readily  soluble  in  water.  It  does  not  melt  at  250®.  The  forma- 
tion of  this  dicarbethoxyguanidine, 

NHCOOC,H.  NHCOOC.H, 

I  I 

C— NH,  or       C=NH 

II  I 

N— COOC,H.  NHCOOC,H, 

is  of  g^eat  importance,  since  it  proves  definitely  that  the  third 

^l.prakL  Chtm.  (2),  17,  237. 
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ethoxy  group  in  ethyl  isodicarbethoxyurea  is  bound  to  the  cen- 
tral carbon  atom  ;  that  is,  the  constitution  cannot  be 

^      OR 

N— CONHCOOR 

These  two  reactions,  with  hydrogen  chloride  and  with  ammo- 
nia, have  shown  the  presence  of  an  ethoxy  group  and  also  its 
position  ;  in  other  words,  have  definitely  proved  the  constitution 
of  the  molecules  to  be 

C.H.OC/ 

^N— COOC.H, 

Ethoxycarbonyldiurethane  is  insoluble  in  water  and  in  the 
dilute  fixed  alkalies,  and  is  not  readily  decomposed  by  them. 
In  this  respect  it  bears  a  close  resemblance  to  the  dialphylurea 
ethers.  At  the  same  time,  the  replacement  of  an  alphyl  group 
by  the  more  negative  carbethoxy  has  increased  greatly  its  reac- 
tivity. 

The  exceeding  ease  with  which  ethoxycarbonyldiurethane 
splits  ofi  ethyl  chloride  with  hydrogen  chloride,  and  forms  a 
guanidine  derivative  with  alcoholic  ammonia,  is  in  strong  con- 
trast to  the  alphylurea  ethers,  whose  chlorides  are  relatively 
stable,  and  which  do  not  react  with  alcoholic  ammonia  below 
I8o^ 

As  has  been  pointed  out  above,  this  work  has  a  very  interest- 
ing bearing  upon  the  constitution  of  the  metallic  salts  of  car- 
bonyldiurethane.  Since  the  ethoxydicarbethoxyurea  has  been 
shown  to  have  the  structure 

C,H.OC(:  NCOOR)(NHCOOR), 

it  follows  that  the  silver  salt,  and  hence  the  other  metallic  deriv- 
atives, must  have  an  analogous  constitution,  and  be  represented 
as  follows : 

H— N— COOR 


C— OMe   . 

II 
NCOOR 
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This  structure  shows,  too,  why  the  ether,  though  it  contains  an 

NH  group,  is  insoluble  in  alkalies,  and  why  only  a  monosilver 

or  sodium  salt  of  carbonyldiurethane  can  be  formed . 

The  investigation  of  the  action  of  ethyl  iodide  upon  the  sodium 

salt  is  now  being  carried  on  by  me.     Results  already  obtained 

show  that  when  the  sodium  salt  suspended  in  dry  ether  is  heated 

with  ethyl  iodide  at  160**,  nitrogen,  and  not  oxygen,  ethers  are 

formed.     Two  products  were  isolated — one  an  oil  which  gave  a 

carbylamine  reaction  and  resembles  in  its  properties  diethyl- 

urethane, 

C,H,NHCOOC.H. ; 

the  other,  a  solid  melting  at  9i**-92*',  insoluble  in  alkalies,  but 
readily  soluble  in  organic  solvents,  which  also  responds  to  the 
carbylamine  test. 

In  studying  the  properties  of  carbonyldiurethane,  the  action 
of  ammonia  was  tried  with  some  interesting  results.  Carbonyl- 
diurethane was  heated  with  alcoholic  ammonia  in  a  sealed  tube 
at  loo**,  for  several  hours.  The  product,  on  examination,  proved 
to  be  allophanic  ether,  showing  that  saponification  had  occurred, 
instead  of  the  normal  amide  reaction, 

C0(NHCOOC,H.),+H.O   -.    NH.CONHCOOC,H.+CO.+ 

C,H,OH. 

Sodium  ethylate,  in  one  case,  had  the  same  action. 

Different  results  were  obtained  when  the  carbonyldiurethane 
was  heated  at  100^  with  twenty-eight  per  cent,  ammonia.  The 
dear  solution,  after  evaporating  ofi  the  excess  of  ammonia, 
deposited  crystals.  These  heated  to  i8o°-i90**  partially  decom- 
posed with  the  evolution  of  a  gas,  and  the  formation  of  a  white 
solid  which  did  not  melt  on  further  heating.  This  same  body  is 
obtained  by  the  action  of  concentrated  ammonia  in  the  cold. 
While  the  compound  was  not  analyzed,  its  reactions  indicate 
that  it  is  the  ammonium  salt  of  carbonyldiurea, 

CO(NHCONHJ„ 

which  acts  like  a  dibasic  acid. 
This  conclusion  is  based  on  the  following  facts  : 
a.  Its  partial  decomposition  at  190°  into  a  gas  and  a  residual 

solid. 
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b.  Warming  gently  with  dilute  caustic  soda  gives  free  ammo- 
nia. Carbonyldiurea  or  biuret  is  decomposed  only  with  diffi- 
culty by  caustic  alkalies. 

c.  Dilute  acids  throw  down  a  precipitate  which  corresponds  in 
its  properties  to  the  carbonyldiurea  prepared  by  Schmidt.* 

That  carbonyldiurea  acts  as  a  dibasic  acid  was  shown  by  the 
preparation  of  its  silver  salt.  A  solution  of  the  ammonia  salt  of 
carbonyldiurea  was  added  to  two  molecules  of  silver  nitrate. 
This  formed  immediately  a  fine,  heavy,  white  precipitate,  which 
was  filtered,  washed  with  dilute  ammonia  and  hot  water,  and 
analyzed. 

I.  0.2686  gram  substance  gave  0.1620  gram  silver. 

II.  0.1958  gram  substance  gave  0.1182  gram  silver. 

Calculated  for  Found. 

C,0,H4N4Ag,.  I.  II. 

Silver 60.00  60.31  60.36    . 

The  disilver  salt  is  very  stable  and  is  discolored  only  slowly 
on  exposure  to  the  light. 

When  equal  molecules  of  silver  nitrate  and  carbonyldiurea 
were  mixed  no  monosilver  salt  was  obtained,  but  only  the  disil- 
ver compound. 

I  wish  to  take  this  opportunity  to  thank  Prof.  Stieglitz  for  his 
valuable  direction  and  kindness  in  the  prosecution  of  this  work. 

Kent  Chemical  Laboratory, 
University  op  Chicago. 
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THE  term  * 'valence'*  is  variously  defined  as  the  * 'combining 
capacity",  * 'capacity  of  saturation' \  "quantitative  com- 
bining power",  or  "chemical  value  of  the  atom."  It  is  well 
known  that  the  introduction  of  this  idea  into  chemistry  was  due 
to  the  development  of  the  type  theory,  a  system  which  had. at 
first  a  purely  empirical  basis.  Sixty  years  ago  there  was 
still  some  hesitation  as  to  the  acceptance  of  the  atomic  theory  or 
the  need  for  such  a  theory.  Much  use  was  made  of  the  term 
equivalent,  which  had  been  WoUaston's  expedient  for  avoiding 

^J.prakt.  Chem.  [a],  5,  39. 

>  Address,  as  chairman,  delivered  before  the  North  Carolina  Section. 
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the  difficulties  arising  from  the  full  adoption  of  the  theor>'  of 
atoms. 

WoUaston  had  been  himself  very  far  from  consistent  in  the  use  of 
the  term.  The  numbers  called  by  him  'equivalent  weights'  were 
not  infrequently  atomic  and  molecular  weights  and  fully  as  hypo- 
tfaetical  as  the  so-called  atomic  weights  of  Dalton.  In  the  later 
use  of  the  term  it  signified  solely  the  numbers  obtained  by  anal- 
ysis without  the  introduction  of  any  theoretical  considerations. 
Thus,  on  analyzing  ammonia,  the  ratio 

N  :  H  :  :  4.6  :  I, 

is  gotten,  and  therefore  the  equivalent  of  nitrogen  is  4.6.  Strange 
to  say  the  equivalent  given  by  Wollaston  corresponds  with  the 
present  atomic  weight,  whereas  the  atomic  weight  given  by  Dal- 
ton corresponds  with  what  would  be  the  equivalent. 

It  is  manifest  that  the  idea  of  equivalents  needed  something 
more  than  the  simple  theory  of  atoms  to  make  it  clear  and  tena- 
ble. It  embodied  two  distinct  conceptions  and  if  we  hold  to  an 
atomic  theory  we  must  introduce  a  further  explanatory  theory 
of  the  saturation  capacity  of  these  atoms.  This  is  the  theory  of 
valence  or  quantivalence  or  atomicity,  and  without  it  the  equiv- 
alents are  purely  empirical,  and  it  is  most  difficult  if  not  impos- 
sible to  clear  up  the  confusion  connected  with  their  use. 

Returning  now  to  the  derivation  of  this  idea  of  valence  from 
the  type  theory,  according  to  Wurtz*  the  conception  of  valence 
was  introduced  into  the  science  in  three  steps.  First  there  was 
the  discovery  of  polyatomic  compounds.  This  term  was  first 
used  by  Berzelius  in  1827',  he  applying  it  to  such  elements  as 
chlorine  or  fluorine  where  he  thought  several  atoms  of  these  ele- 
ments united  with  a  single  atom  of  another  element.  The  term 
was  later  applied  by  Graham,  Williamson,  and  others  to  com- 
pounds. 

The  second  step  was  the  reference  of  this  polyatomicity  to 
what  was  called  the  state  of  saturation  of  the  radicals  contained 
in  these  compounds.  This  was  largely  through  the  work  of 
Williamson  and  Gerhardt. 

Thirdly  this  conception  of  saturation  was  extended  to  the  ele- 
ments themselves.     This  was  chiefly  due  to  the  work  of  Prank- 

1  HUtoire  d«s  doctrines  chimiques,  p.  69. 
Vi^.  d.  Ckem.,  7,  89. 
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land  upon  the  organo-metallic  compounds.  And  so  valence  has 
come  to  refer  to  the  number  of  atoms  with  which  a  single  atom 
of  anj'  element  will  combine. 

This  conception  has  then  been  one  of  slow  growth,  gradually 
incorporating  itself  into  the  science  as  the  necessity  arose  of 
devising  a  suitable  explanation  for  accumulated  observations. 
It  was  a  logical  outcome  of  and  was  evolved  from  knowledge  ac- 
quired step  by  step.  It  was  no  mere  speculation  or  hypothesis, 
such  as  that  of  Prout,  evolved  by  the  brilliant  fancy  or  imagina- 
tion of  one  man  and  suddenly  appearing  with  scarcely  a  claim  to 
foundation  upon  observed  fact. 

This  conception  enters  into  the  chemical  theory  of  to-day 
almost  as  fundamentally  as  the  atomic  theory  itself.  Its  appli- 
cation is  of  every-day  occurrence  and  of  the  most  varied  charac- 
ter, and  yet  chemists  admit  that  the  nature  of  valence  is  one  of 
their  chief  puzzles  and  they  have  advanced  but  little  towards  its 
solution  during  the  past  half  century.  It  is  quite  possible  that 
the  ideas  to  be  advanced  in  the  further  discussion  of  this  subject 
in  this  paper  will  meet  with  antagonism.  Certainly  they  should 
be  fully  and  freely  discussed  if  they  are  worthy  of  it.  I  believe 
that  they  form  a  step  toward  the  clearing  up  of  the  mystery  of 
valence. 

It  is  necessary,  however,  first  to  trace  somewhat  further  the 
development  of  the  original  conception.  One  of  its  earliest  and 
most  important  applications  was  to  the  study  of  the  constitution 
of  the  compounds  of  carbon.  Here  Kekul£  assumed  for  carbon 
a  constant  valence  of  four,  and  this  idea  is  still  dominant  in  the- 
ories relating  to  the  constitution  of  these  bodies.  It  was  quite 
natural  then  that  the  first  belief  should  have  been  in  a  constant 
valence.  It  was  speedily  found,  however,  that  in  certain  cases, 
as  in  the  compounds  of  nitrogen  and  phosphorus,  this  belief  was 
scarcely  tenable.  There  were  efforts  at  making  it  hold  good, 
as,  for  instance,  a  distinction  was  drawn  between  atomic  and 
molecular  compounds,  but  all  of  these  suggestions  have  been 
proved  unsatisfactory. 

We  unquestionably  have  to  account  for  the  existence  of  a  com- 
pound with  three  atoms  and  another  with  five  atoms  in  the  cases 
of  nitrogen  and  phosphorus  and  there  are  many  similar  anoma- 
lies.    Here  the  valence  seems  to  vary  toward  one  and  the  same 
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dement.  Cases  might  be  multiplied  to  show  also  that  it  varies 
often  towards  different  elements.  Thus  it  frequently  happens 
that  the  valence  of  an  element  towards  hydrogen  seems  to  be 
qnite  different  from  that  exhibited  toward  oxygen.  For  a  long 
time  there  was  much  straining  tp  consider  the  valence  of  an  ele- 
ment always  the  same  but  this  effort  is,  in  laif^e  measure,  aban- 
doned now  as  unavailing  and  chemists  admit  that  valence  is  not 
constant  but  variable  and  may  even  vary  towards  one  and  the 
same  element. 

The  doctrine  of  vaience  has  had  much  added  to  it  about  bonds, 
affinities,  and  linkage,  the  necessity  for  which  one  may  well  ques- 
tion. Certainly  the  misuse  of  the  word  a£Einity  here,  seeing  its 
other  and  greater  use,  should  be  earnestly  discountenanced.  I 
am  inclined  to  think  that  the  other  terms  bring  in  false  and  mis- 
leading ideas  which  should  be  carefully  guarded  against.  At 
any  rate  all  hypothetical  talk  about  strong  bonds,  and  weak 
bonds,  double  bonds  and  triple  is  to  be  avoided. 

If  then  valence  varies,  can  it  be  an  inherent  property  of  the 
unchanging  atoms?  Experiments  have  shown  that  it  varies  with 
the  nature  of  the  combining  element,  that  it  varies  with  the  tem- 
perature and  with  other  conditions.  It  is  not  dependent  upon 
the  atomic  weight  in  the  same  sense  as  other  properties  are 
dependent  upon  it.  Thus  in  the  same  group  the  valence  remains 
the  same  whether  the  atoms  weigh  nine  times  as  much  as  hydro- 
gen or  two  hundred  times  as  much. 

We  seem  shut  up  to  the  conclusion  that  valence  is  not  one  of 
the  primitive  inherent  properties  of  the  atom  but  is  relative.  It 
is  rather  to  be  regarded  as  the  resultant  of  the  mutual  influence 
of  the  atoms  of  the  combining  elements.  The  clear  grasping  of 
this  idea  is  an  important  step  forward.  Unfortunately  the  dis- 
tinction is  not  always  made  nor  consistently  adhered  to. 

It  may  not  be  amiss  to  cite  here  the  utterances  of  Lothar 
Ueyer  in  regard  to  the  question  of  a  constant  or  variable  valence. ' 

*'Since  the  aim  of  all  scientific  investigation  is  to  exhibit  the 
most  variable  phenomena  as  dependent  upon  certain  active  invar- 
iable factors  taking  part  in  them  and  in  such  a  manner  that 
each  phenomenon  appears  to  be  the  necessary  result  of  the  prop- 
erties and  reciprocal  action  of  these  factors,  then  it  is  clear  that 

^  Mbderai  Theories  of  Chemistry*  Bng.  Trans-,  p.  303. 
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chemical  investigation  would  be  considerably  advanced  were  it 
possible  to  prove  that  the  composition  of  chemical  compounds  is 
essentially  determined  by  the  valency  of  the  atoms  and  the  exter- 
nal conditions  under  which  these  atoms  react  upon  one  another. 
The  first  necessary  step  in  this  direction  has  been  made  in  the 
attempt  to  explain  the  regularities  observed  in  the  composition 
of  chemical  compounds,  by  the  assumption  of  a  constant  poveer 
of  saturation  or  an  invariable  valency  of  the  atom.  The  oppo- 
site and  equally  hypothetical  assumption  that  the  valency  is  var- 
iable leads  to  no  advancement. 

"The  first  step  towards  progress  in  this  matter  would  be  made 
if  some  hypothesis  as  to  the  cause  of  this  variability  were  pro- 
posed. This  difference  between  the  two  attitudes'  has  seldom 
been  properly  realized.  While  some  chemists,  accepting  the 
the  constant  valency  of  atoms,  have  attempted  to  deduce  the 
varying  atomic  linking  from  one  distinct  point  of  view,  others 
have  considered  it  sufficient  to  have  assigned  to  the  atom  of  a 
particular  element  in  one  compound  one  valency,  and  in  another 
compound  a  different  valency,  according  as  this  or  that  value 
appeared  the  most  suitable,  and  thus  to  have  given  a  so-called 
explanation  of  the  composition  of  the  compounds  in  question. 
In  this  way  the  fact  has  been  overlooked,  that  an  arbitrary  inter- 
pretation carried  out  by  means  of  chosen  hypotheses,  cannot  be 
regarded  as  an  attempt  at  a  scientific  explanation,  but  is  nothing 
more  than  an  expression  of  our  ignorance  of  the  causal  connec- 
tion of  the  phenomena.  An  explanation  would  require  that  the 
different  valencies  assigned  to  one  and  the  same  element  in  dif- 
ferent compounds,  should  be  traced  to  a  distinct  cause.  If,  for 
instance,  it  is  stated  that  carbon  in  carbon  dioxide  possesses 
double  the  valency  which  it  possesses  in  carbon  monoxide,  such  a 
statement  is  no  explanation  of  the  fact  that  an  atom  of  carbon  in 
the  former  compound  is  combined  with  twice  as  much  oxygen 
as  in  the  latter,  for  such  a  statement  is  merely  a  paraphrase 
which  hides  its  incompetency  by  assuming  the  form  of  an  expla- 
nation. Although  this  may  be  perceived  without  further  re- 
mark, still  it  has  frequently  occurred  during  the  past  few  years 
that  similar  paraphrases  have  not  only  been  proposed  but  also 
accepted  as  real  explanations  of  such  phenomena.  Just  as  it 
was  formerly  supposed  that  the  assumption  of  a  vital  force  dis- 
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pensed  with  a  more  complete  investigation  of  the  phenomena  of 
animal  life,  so  many  chemists  have  of  late  thought  that  they 
possessed  in  'variable  valency',  a  means  of  explaining  the  vary- 
ing stoichiometric  relationships  which  would  satisfy  all  claims. 
Such  deceptions  can  only  retard  the  advance  of  the  science,  since 
they  prevent  an  earnest  and  thorough  investigation  of  the  ques- 
tion, whether  each  atom  is  endowed  with  a  property  determining 
and  limiting  the  number  of  atoms  with  which  it  can  combine, 
dependent  upon  the  intrinsic  nature  of  the  atom  and  like  it 
invariable ;  or  whether  this  ability  is  variable  and  with  it  the 
nature  of  the  atom  itself." 

It  is  not  strange  that  this  line  of  reasoning  should  lead  lyOthar 
Meyer  to  doubt  the  unvarying  nature  of  the  atom  itself,  and  thus 
losing  his  grasp  upon  bne  invariable  to  make  sure  of  another. 
He  says:  *'Itisby  no  means  impossible  that  the  magiaitudes 
which  we  now  style  atoms,  may  be  variable  in  their  nature." 

It  will  be  an  unfortunate  day  for  chemists  when  the  belief  in  the 
unchanging  atom  is  given  up.  Chaos  will  indeed  enter  into  all 
of  our  theories  when  this,  the  foundation  rock,  is  left  at  the 
mercy  of  every  shifting  tide  of  opinion  and  can  be  shaken  by  all 
manner  of  unfounded  hypotheses. 

The  case  cannot  be  so  hopeless  as  to  necessitate  calling  to  our 
aid  so  dangerous  a  doctrine.  Before  turning  to  such  an  expedi- 
ent let  us  first  make  all  possible  use  of  our  atomic  theory  as  it 
stands.  The  extension  of  this  theory  teaches  that  the  atoms  are 
endowed  with  motion  and  this  motion  probably  varies  in  velocity 
and  phases  with  the  different  elements.  So  too  when  the  atoms 
unite  the  resulting  molecule  has  a  certain  motion  peculiar  to  it 
while  the  atoms  composing  it  have  an  intra-molecular  motion  in 
which  their  original  motions  are  probably  modified  by  their 
influence  upon  one  another.  It  is  quite  manifest  then  that  a 
molecule,  in  order  to  exist,  must  maintain  a  certain  equilibrium 
and  harmony  between  these  various  motions,  and  that  there  can 
be  all  degrees  of  equilibrium  from  the  very  stable  to  that  which 
may  be  upset  by  the  least  disturbing  influence  from  without. 

It  seems  to  me  that  herein  we  have  a  full  and  satisfactory 
means  of  explaining  the  various  problems  connected  with  the 
conception  of  valence.  The  question  as  to  whether  the  atoms  of 
two  elements  will  unite  is  decided  by  affinity,  which  is  in  some 
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way  connected  with  the  electrical  condition  of  those  atoms. 
There  is  no  apparent  oonnection  between  this  and  valence.  The 
number  of  atoms  which  enter  into  combination  forming  one  mol- 
ecule is  purely  a  matter  of  equilibrium  and  is  dependent  upon 
the  motion  of  those  atoms.  Thus  a  phosphorus  atom  unites  with 
chlorine  atoms  because. of  a  certain  affinity  between  them.  The 
number  of  chlorine  atoms  with  which  it  will  unite  depends  upon 
the  possibility  of  harmonizing  the  respective  motions.  As  the 
temperature  may  afiect  these  motions  and  also  impart  a 
more  rapid  molecular  motion,  it  is  evident  that  the  har- 
mony, or  equilibrium,  will  depend  upon  the  temperature  and 
that  a  temperature  may  be  reached  at  which  no  harmony  is  pos- 
sible and  hence  no  compound  can  be  formed.  The  phosphorus 
atom  mentioned  can,  as  we  know,  form  a  stable  molecule  with 
five  atoms  of  chlorine.  On  increasing  the  temperature  this 
becomes  unstable  and  only  three  atoms  can  be  retained.  Neither 
with  four  atoms  nor  with  two  is  there  harmony  of  motion.  A 
sufficiently  high  temperature  may  prevent  any  harmony  of 
motion  whatever  being  attained  and  hence  union  may  become 
impossible. 

As  to  other  influences  than  those  of  temperature,  we  can  see 
that  the  equilibrium  between  the  atom  of  phosphorus  and  the 
five  atoms  of  chlorine  may  be  upset  by  such  a  molecule  coming 
within  the  influence,  electrical  or  vibratory,  of  a  molecule  of 
water.  The  atoms  must  rearrange  themselves  for  a  new  state  of 
equilibrium  and  so  an  atom  of  oxygen  takes  the  place  of  two 
atoms  of  chlorine,  giving  again  a  condition  of  harmony.  In 
other  cases  the  motion  of  the  molecule  of  water  may  be  of  such 
a  character  as  to  directly  harmonize  with  that  of  the  original 
molecule  and  so  to  enter  into  equilibrium  with  it,  a  definite  num- 
ber of  such  molecules  of  water  affording  a  condition  of  maximum 
stability.  This  we  call  water  of  crystallization .  Such  molecules 
would  be  more  or  less  easily  separated  by  an  increase  of  tempera- 
ture and  where  several  molecules  of  water  were  attached  the 
highest  temperature  would  be  necessary  for  freeing  the  original 
molecule  from  the  last  water  molecule. 

A  carbon  atom  finds  its  most  perfect  state  of  equilibrium  where 
four  atoms  of  hydrogen  or  their  equivalents  move  in  harmony 
with  it.     But  there  is  a  second  state  of  equilibrium  where  only 
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half  that  number  of  atoms  are  moving  with  it.  This  state  does 
not  seem  to  be  a  possibility  where  these  are  hydrogen  atoms  but 
is  readily  possible  where  the  equivalent  number  of  oxygen  atoms 
is  concerned.  Such  a  molecule,  however,  is  always  in  a  condi- 
tion to  take  up  additional  atoms  until  its  highest  equilibrium  is 
reached  and  in  doing  this  it  proceeds  by  the  regular  steps  needed 
for  bringing  about  a  harmony  of  motion.  A  molecule  in  a  lower 
state  of  equilibrium  we  have  become  accustomed  to  call  unsatu- 
rated, calling  that  one  saturated  which  is  in  its  highest  state  of 
equilibrium .  The  further  application  of  this  hypothesis  is  easily 
made  and  need  not  be  dwelt  upon  here.  It  will  be  helpful  in 
many  ways. 

This  theory  of  valence  makes  it  clear  why  it  should  vary 
toward  the  same  element  under  different  conditions.  It  is  also 
dear  that  it  might  vary  towards  different  elements  as  these  are 
very  possibly  possessed  of  different  motions.  It  is  further  evi- 
dent that  it  is  in  accord  with  the  conclusion  that  valence  is  not 
an  inherent  property  of  the  individual  atom  but  is  the  resultant 
of  the  influence  upon  each  other  of  the  combining  atoms. 

Only  one  point  remains  to  be  considered  :  Why  do  the  ele- 
ments of  the  same  group  have  practically  the  same  valence? 
The  nearest  answer  to  tlis,  and  it  seems  satisfactory,  is  that  they 
are  all  possessed  of  the  sitine  phase  or  kind  of  motion.  In  other 
words  the  nattiral  division  .-.to  periods  gives  us  seven  or  eight 
more  or  less  different  phases.  These  are,  in  large  measure,  inde- 
pendent of  the  atomic  weight.  And  so  the  elements  in  any  given 
group  have  the  same  tendency  towards  similar  states  of  equilib- 
rium in  forming  compounds  with  any  other  element,  as  hydrogen 
or  oxygen.  Some  elements,  as  copper,  mercury,  tin,  etc.,  are 
peculiar  in  that  they  may  change  their  phase  of  motion  under 
certain  influences,  acting  then  as  if  they  belonged  to  different 
groups  and  entering  into  totally  different  states  of  equilibrium  in 
forming  their  compounds. 

Lastly  it  is  possible  for  a  combination  of  atoms  of  different  ele- 
ments, as  NH«  or  CN,  to  have  such  molecular  and  intra-molec- 
nlar  motion  that,  although  not  in  a  state  of  equilibrium  them- 
selves, they  are  capable  of  entering  into  such  states  just  as  the 
single  atoms  of  elements  do,  having  apparently  similar  valence. 

I  might  develop  this  theory  much  further  but  it  is  unnecessary 
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This  value  is  very  near  that  obtained  by  Morley,  15.879  ;  and 
has  corroborative  value.  Its  great  merit  is  in  the  directness  of 
the  determination,  and  in  the  avoidance  of  complicated  or 
troublesome  corrections. 

NITROGEN. 

The  equivalent  of  cyanogen  has  been  determined  by  Dean  ;' 
but  as  yet  only  an  abstract  of  his  work  has  appeared.  Silver 
cyanide  was  dissolved  in  nitric  acid,  and  titrated  by  Stas'  method 
with  potassium  bromide.  The  data  g^ve  CN  =  26.065  ;  whence, 
if  C  =  12.01,  N  =  14.055. 

'boron. 

Armitage'  has  redetermined  the  atomic  weight  of  boron  by  two 
methods.  First,  by  determination  of  the  percentage  of  water  in 
borax,  which  had  been  washed  with  alcohol  and  ether  succes- 
sively, and  then  dried  for  six  hours  in  a  vacuum.  The  mean  of 
six  experiments  gave 

B  =  10.959. 

Secondly,  by  the  method  of  Rimbach.  Fused  borax  was  dis- 
solved in  water  and  titrated  with  dilute  sulphuric  acid.  The 
mean  of  two  experiments  gave 

B  =  10.928. 

The  abstract  published  gives  no  details  of  individual  determina- 
tions, and  neglects  to  state  what  values  were  assigned  to  the 
other  atomic  weights  involved  in  the  calculations,  except  that 
0  =  16.  The  communication  was  discussed,  in  the  main  un- 
favorably, by  Veley,  Groves,  Scott,  and  Dewar. 

Armitage's  paper  called  forth  also  a  brief  note  from  Leonard,' 
who  refers  to  experiments  of  his  own  upon  the  dehydration  of 
borax.  He  states  that  soda  and  boric  acid  are  both  volatilized 
when  borax  is  intensely  ignited,  and  that  the  composition  of  the 
residue  is  not  constant.  From  this  he  concludes  that  the  use  of 
borax  for  determinations  of  atomic  weight  is  liable  to  be  attended 
by  serious  errors. 

1  Ckem.  //tws,  7t,  a6x,  November  as,  /^. 

s  /Mtf .,  77,  78*    A  paper  read  before  the  Chemical  Society.    Not  yet  printed  in  f  uU. 
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ZINC. 

In  the  atomic  weight  determinations  made  some  years  ago  by 
Morse  and  Burton,  metallic  zinc  was  converted  into  oxide,  and 
in  that  way  the  ratio  between  metal  and  oxygen  was  measured. 
Later,  Richards  and  Rogers  showed  that  zinc  oxide,  prepared 
as  Morse  and  Burton  had  prepared  it,  namely,  by  conversion  of 
the  metal  into  nitrate  and  subsequent  ignition,  always  retained 
occluded  gases,  and  in  distinctly  weighable  quantities. 

The  research  is  now  completed  by  the  labors  of  Morse  and 
Arbuckle/  who  have  repeated  the  determinations  made  by  Morse 
and  Burton,  with  measurements  of  the  occluded  gases,  and 
correction  for  them.  In  each  experiment  the  gas,  which  consisted 
of  oxygen  and  nitrogen,  was  analyzed ;  and  the  corrections 
applied  assume  the  liter  weights  to  be,  under  standard  condi- 
tions at  latitude  45^  and  sea-level,  1.42923  grams  for  oxygen, 
and   1. 25461   for  nitrogen.     The  volumes  are  given  in  cubic 


centimeters. 

Atomic 

Weight  Zn. 

Weight  ZnO. 

Volume  gas. 

Per  cent.  O. 

weight  Zn 

I  19573 

1.48860 

0.468 

36.28 

65.459 

1. 03381 

1.28707 

0.402 

18.14 

65.445 

I.065I9 

1-32599 

0.342 

18.42 

65.459 

1.05802 

I.31711 

0.312 

18.58 

65.440 

1. 26618 

I.57619 

J.521 

13.82 

65.489 

1.03783 

1. 29198 

0.408 

35.28 

65.475 

1.08655 

1.35276 

0.412 

19.55 

65.437 

I. I 1364 

1.38647 

0.456 

18.62 

65.447 

Mean,    65.457 

O  =  16.  Vacuum  weights  are  g^ven.  Without  correction  for 
occluded  gases,  Zn  =  65.328,  as  against  the  earlier  determina- 
tion of  Zn  =  65.27.  The  new  determinations  agree  closely  with 
those  of  Richards  and  Rogers,  who  found  Zn  =  65.459,  and  of 
Richards  alone,  who  found  Zn=  65.404.  The  value  assigned 
to  zinc  in  the  table  of  your  committee  is  65.41,  as  published  a 
year  ago. 

CADMIUM. 

In  the  case  of  cadmium  the  same  uncertainty  existed  as  in  the 
case  of  zinc.  Morse  and  Jones  had  determined  the  atomic 
weight  by  conversion  of  the  metal  into  the  oxide,  in  that  way 

*  Am.  Cktm.J,^  lo,  195.  March.  18^. 
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finding  Cd=  112.06.  Morse  and  Arbuckle'  have  repeated  the 
investigation,  this  time  with  search  for  occluded  gases  in  the 
oxide,  and  now  give  a  new  series  of  data,  with  corrections 
applied.  In  all  essential  features  the  research  is  parallel  to  that 
npon  zinc,  which  had  just  been  noted  ;  and  the  results  obtained 
are  given  in  the  subjoined  table.  The  weights  are  reduced  to  a 
vacuum,  and  O  =  16. 


Atomic 

height  Cd. 

Weight  CdO. 

Volume  of  gas. 

Per  cent.  O. 

weight  cd. 

I.93188 

2.20764 

0.574 

21.25 

112.392 

1.67935 

I.91910 

0.480 

25.16 

112.365 

1.48430 

1.69620 

0.441 

19.95 

112.376 

1.36486 

1.55972 

0.402 

18.33 

112.368 

1.50295 

I.71744 

0.419 

21.95 

112.394 

1.43804 

1.64330 

0.431 

18.56 

"2.395 

1. 44041 

1.64604 

0.406 

20.93 

112.365 

1.45938 

I.66771 

0.421 

21.85 

112.375 

1.40379 

1.60420 

0.390 

19.50 

112.359 

Mean,     112.377 

The  uncorrected  weighings  give  Cd  =  1 12.084.  Bucher, 
working  with  cadmium  chloride  and  cadmium  bromide,  found 
tbe  mean  values  112.39  and  112.38,  and  the  analysis  of  cadmium 
sulphate  gave  112.36.  These  results  accord  fairly  well  with  the 
determinations  made  by  Dumas  and  by  Huntington,  but  not 
with  those  of  Hardin.  The  weight  of  evidence,  however,  now 
seems  to  be  with  the  higher  value,  which  may,  with  much  prob- 
ability, be  adopted. 

COBALT  AND  NICKEL. 

The  paper  by  Winkler*  upon  these  metals  is  merely  a  criti- 
cism of  the  determinations  by  Richards  and  Baxter,  and  Richards 
and  Cushman,  which  were  noticed  in  the  committee  report 
for  1897.  ^^  Qc^  determinations  are  offered.  Winkler  sug- 
gests that  the  bromides  prepared  by  Richards  and  his  associates, 
which  were  sublimed  in  porcelain  tubes,  might  have  acted  upon 
the  glaze  of  the  latter,  and  so  have  acquired  impurities.  He 
also  suggests  that  perhaps  the  bromide  might  have  retained  an 
excess  of  hydrobromic  acid,  and  he  points  out  possible  danger  in 
the  use  of  the  Gooch  crucible,  in  which  the  silver  bromide  was 
collected. 

liliN.Cft^iii./.,  10,536,  Jnly,  1898. 

^Ztaekr.  anotr.  Chtm.,  17,  t^  June  aiSi  '^' 
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SBLBNIUM. 

The  atomic  weight  of  selenium  has  been  redetermined  by 
Lenher,'  in  the  laboratory  of  the  University  of  Pennsylvania. 
First,  silver  selenite  was  heated  in  a  stream  of  gaseous  hydro- 
chloric acid,  giving  silver  chloride,  the  latter  being  quite  free 
from  selenium.    Three  experiments  gave  as  follows  : 

Weight  AgfScOt.  Weight  AgCl.  Atomic  weight  Se. 

0.98992  0.82715  79.326 

1.59912  1.33600  79-373 

2.70573  2.26087  79-320 


Mean,    79-339 

In  a  second  series  of  eight  experiments  the  silver  chloride, 
after  weighing,  was  reduced  to  metal  in  a  stream  of  hydrogen. 
Thus  the  ratio  between  silver  selenite  and  silver  was  measured. 
The  weighings  were  as  follows  : 


Weight  Ag,8eO.. 

Weight  AgCl.                                Weight  Ag. 

0.26204 

0.21897                                       0.16480 

0.58078 

0.48522                                       0.36534 

0.70614 

0.58999                                      0.44417 

0.8081 I 

0.67532                                       0.50821 

0.98396 

0.82232                                       0.61882 

1.29685 

1.08350                                       0.81562 

I.63IO3 

1.36288                                       1.02588 

2.00162 

1.67234                                       1.25884 

[ence,  for  the  atomic  weight  of  selenium  we  have  : 

Ag«SeOs  :  AgCl. 

ASaSeOs  :  Ag. 

79.299 

79.356 

79-371 

79.280 

79350 

79.301 

79.282 

79369 

79.263 

79.358 

79-361 

79.277 

79.316 

79^320 

79.358 

79.357 

Mean,  79.325  Mean,    79.329 

Still  another  set  of  determinations  was  based  upon  analyses  of 
ammonium  bromoselenate,  Am^SeBr,.  This  salt  was  reduced 
by  hydroxylamine  hydrochloride,  and  the  precipitated  selenium 
was  weighed  in  a  Gooch  crucible.    The  results  are  subjoined : 

I  This  Journal,  10,  555,  August,  1898. 


Atomic 

Weight  8€. 

weight  Se. 

0.13324 

79-243 

0.20022 

79-367 

0.26649 

79.273 

0.26657 

79.269 

039958 

79.226 

0.53346 

79-333 

0.66656 

79306 

0.66998 

79.267 
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Weight 
Amt8cBr«. 

I.00Q59 

1-50153 
2.00059 

2.00126 

3.00125 

4.00216 

5.00218 

5.03001 

Mean,    79.285 

General  mean  of  all  twenty-seven  determinations, 

Se  =  79.314. 
The  antecedent  values  are  O  =  16,  H  =  1.008,   N  =  14.04, 
Ag  =  107.92,   Br  =  79.95,   CI  =  35.45.      All  weights  were  re- 
duced to  a  vacuum. 

The  result  obtained  is  near  that  found  by  Dumas,  but 
considerably  higher  than  that  given  by  Bkman  and  Pettersson. 
The  reason  for  this  disaccordance  is  yet  to  be  found.  In  the 
table  at  the  end  of  this  paper  the  value  assigned  to  selenium  is 
the  mean  of  Lenher's  determination,  and  the  value  given  in  the 
report  of  last  year  ;  namely,  when  O  =  16, 

Se  =  79.17. 

Neither  the  new  nor  the  old  determinations  can  be  yet  adopted 
to  the  exclusion  of  the  other,  and  the  mean  value  is  the  safest 
for  present  use. 

TBLI^URIUM. 

Metzner^  has  employed  two  methods  for  determining  the 
atomic  weight  of  this  element.  First,  by  synthesis  of  the  sul- 
phate, Te,SO„  which  is  perfectly  stable  at  440**.  The  tellurium 
which  served  as  the  starting-point  was  prepared  by  dissociation 
of  hydrogen  telluride,  and  was  crystallized  in  beautiful  needles. 
By  solution  in  sulphuric  acid,  evaporation  to  dryness,  and 
calcination  at  temperatures  not  over  440'',  the  sulphate  was  pro- 
duced.    The  weights  given  are  probably  milligrams. 


Weight  Te. 

Weight  sulphate. 

Atomic  weight  Te. 

790.2 

1235.0 

127.9 

414.3 

647.5 

128.0 

1098.3 

1717.O 

127.8 

M««.  ckim,pkyi,  [7],  15, 279,  October,  /^. 
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Metzner's  second  method  consisted  in  reducing  tellurium 
dioxide  by  carbon  monoxide,  in  presence  of  metallic  silver.  The 
latter  prevents  the  volatilization  of  tellurium. 


Weight  TeO, 

l«088  of  weight. 

Atomic  weight  Te, 

743.2 

1 18.8 

127.8 

H06.7 

221.3 

128.0 

988.5 

197.0 

128.24 

I312.5 

263.0 

127.75 

Metzner  adopts  127.9  as  the  final  result  of  his  investigation. 
Apparently  his  weights  were  not  reduced  to  a  vacuum,  and  he 
neglects  to  state  what  value  he  assumed  for  the  atomic  weight 
of  sulphur.     O  =  16  was  evidently  the  basis  of  his  calculations. 

The  work  of  Metzner  called  forth  two  theoretical  papers  by 
Wilde,'  who  holds  that  the  experiments  show  that  the  true  value 
for  tellurium  is  128.  In  his  second  paper  he  discusses  the  posi- 
tions of  tellurium  and  iodine  in  the  periodic  system.  As  both 
communications  are  purely  critical  in  character,  and  contain  no 
new  data,  they  need  no  further  notice  here. 

Still  another  set  of  determinations  relative  to  tellurium  is  due 
to  Heberlein.*  First,  telluric  acid  was  dissolved  in  hydrochloric 
acid,  and  the  liberated  chlorine  was  distilled  o£F  into  a  dilute  so- 
lution of  potassium  iodide.  In  the  latter,  iodine  was  set  free, 
and  was  titrated  with  a  decinormal  solution  of  sodium  thiosul- 
phate.     The  values  found  for  Te,  with  O  =  16  and  H  =  1.008 

are 

127.16 
127.28 
127.32 

"7.35 
127.09 


Mean,    127.24 

Secondly,  telluric  acid  was  transformed  into  tellurium  diox- 
ide, by  heating  with  proper  precautions  to  avoid  loss. 

Weight  HtTe04.2lI,0.  Loss  of  weight  Atomic  weight  Te. 

1.35236  O.41431  126.60 

1.76859  0.54122  126.84 

Mean,  126.72 

1  Compt.  f»kw.,  XS7, 613,  616. 

3  Beitrage  zur  Kenotals  des  Tellur's.— Doctoral  Dissertation  :  Strassburg,  1898. 
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Thirdly,  tellurium  dioxide  was  reduced  to  tellurium  by  means 
of  hydrogen,  in  presence  of  metallic  silver. 

Wdff ht  TeO«.  Lost  of  weight  Atomic  weight  Te. 

1.35908  0.37353  126.99 

1-94038  0.39050  137.00 

Mean,  126.995 

The  mean  of  all  three  series  is  Te  =  126.985. 

It  will  be  seen  that  some  of  these  values  range  below,  and 
others  above,  the  atomic  weight  of  iodine.  Heberlein  regards 
the  higher  figures  as  too  high,  and  the  lower  as  probably  too 
low,  the  mean  of  all  being  most  nearly  correct.  The  main 
question,  the  position  of  tellurium  in  the  periodic^ystem,  he  con- 
siders experimentally  unsettled,  but  favors  the  opinion  that  more 
critical  determinations  will  place  it  below  iodine  and  in  the  sul- 
phur-selenium group.  The  value  which  he  has  actually  found 
is  only  a  trifle  higher  than  that  of  iodine,  and  better  determina- 
tions may  well  reduce  it  to  the  necessary  amount. 

ZIRCONIUM. 

Venable\  in  order  to  determine  the  atomic  weight  of  this  ele- 
ment, has  availed  himself  of  the  oxychloride,  ZrOCl,.3H,0. 
This  compound  can  be  crystallized  from  strong  hydrochloric 
acid,  and  dried  in  a  current  of  gaseous  hydrochloric  acid  at 
ioo"-i25^  without  loss  of  its  water.  When  dissolved  in  water  in 
a  platinum  crucible,  evaporated  to  dryness,  and  strongly  ignited, 
pure  zirconia,  free  from  chlorine,  remains.  The  ratio  ZrOCl,. 
3H,0 :  ZrO,  is  thus  determined,  and  from  it  the  atomic  weight 
of  the  metal  is  calculable.  The  results  of  ten  experiments  are 
given  by  Venable,  as  follows  : 

Weight 
ZrOClfSHfO. 

5.25762 

3.53994 
3.25036 

1.52245 
1.98802 

2.II37I 

2.38159 

1.90285 

2.61847 

1.07347 

26.64828  14. 1 1953  52.986 

1  This  Journal,  to,  X19,  Pebmary^  1819$, 


Weight  ZrO«.          , 

Ratio. 

2.78450 

52.961 

1.87550 

52.981 

1.72435 

53051 

0.80708 

53.012 

1.58274 

52.969 

I.II920 

52.949 

I.26161 

52.978 

1.00958 

53.055 

1.38658 

52.954 

0.56840 

52.951 
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Hence,  if  0  =  i6,  H=  1.008,  and  0  =  35.45,  the  atomic 
weight  of  zirconium  becomes 

90.78  in  mean, 

9 T.I 2  maximum, 

90.61  minimum. 
As  further  results  are  promised,  this  investigation  is  to  be  re- 
garded as  a  preliminary  research,  rather  than  as  a  final  determi- 
nation. 

THORIUM. 

Brauner's  work  upon  the  atomic  weight  of  thorium^  has  as  yet 
appeared  only  in  abstract.  The  determinations  were  made  with 
the  normal  ox&late,  in  which  thorium  dioxide  was  estimated  by 
heating,  and  the  C,0,  was  measured  by  titration  with  potas- 
sium permanganate.  The  values  found  for  thorium  with  O  =  16, 
were 

232.50  232.33 

232.46  232.50 

232.45  232.44 

232.31  232.35 

In  mean,  Th  =  232.42. 
CERIUM. 

Brauner's  paper  upon  the  compound  nature  of  cerium,*  has 
also  only  appeared  in  abstract.  By  a  series  of  fractionations 
oxides  were  obtained  giving  atomic  weights  ranging  from  140.25 
down  to  130.70.  As  the  atomic  weight  decreases,  the  color  of 
the  oxide  changes  from  white  to  reddish-brown  orange. 
Brauner  infers  that  cerium  is  accompanied  by  another  metal 
of  atomic  weight  about  1 10.  Yttrium  was  looked  for  in  the  lower 
fractions,  but  not  found,  nor  were  there  any  lines  in  the  spark 
spectra,  other  than  those  of  cerium.  The  supposed  new  ele- 
ment, like  gadolinium,  may  have  no  characteristic  spectrum. 

THE  DIDYMIUMS. 

Jones'  has  determined  the  atomic  weights  of  neodymium  and 
praseodymium  by  means  of  the  synthesis  of  the  sulphates  from  the 
oxides.   The  material  for  the  investigation  was  furnished  by  Wal- 

l  Ckfm.  News,  77,  x6o,  April  7,  tS^S. 

s  Ibid.,  77,  160,  April  7,  tSgS. 

^  Am.  Ck€M.J.,  90,  345,  May,  1898. 


RBPORT  OP  THB  COMMITTBB  ON  ATOMIC  WEIGHTS.        209 

dion  Shapleigh,  and  was  very  nearly  pure.  It  was  further  purified 
by  repeated  fractional  crystallizations  of  the  double  ammonium 
nitrates.  Prom  these  salts  the  oxalates  were  prepared,  and,  from 
the  latter,  the  oxides.  The  superoxide  of  praseodymium,  Pr«0„ 
was  reduced  to  Pr,0,  by  ignition  in  hydrogen. 

For  praseodymium  the  results  obtained  were  as  follows,  when 
O  =  16  and  S  =  32.07  : 

Weisht  W«i|rlit 

PrtOt.  •   Pra(804)t. 

0.5250  0.9085 

0.6436  1. 1 135 

0.7967  1.3788 

0.7522  I.3PIS 

0.7788  1.3473 

0.6458  1. 1 172 

0.6972  1.2062 

0.7204  1.2464 

0.8665  1*4990 

0.6717  1. 1624 

0.7439  1-2873 

0.6487  X.I224 


8.4905  14.6908 

With  O  =  15.88,  Pr  =  139.41. 

For  neodymium  the  data  are  as  follows  : 


Atomic 
wdffhtPr. 

140.42 
140.50 

140.38 
140.38 

140.53 
140.54 
140.51 

140.49 
140.54 
140.40 

140.42 
140.47 


146.46 


Wdffht 
NdiiO,. 

Weiffht 
Nd,(S04).. 

Atomic 
weight  Nd. 

0.8910 

1.5296 

143.58 

0.7880 

13530 

143-51 

0.9034 

1.5509 

143.57 

0.7668 

1.3166 

143.51 

0.8908 

1.5296 

143.49 

0.8848 

I.5194 

143.46 

0.8681 

1.4903 

M3.57 

0.8216 

I.4103 

143.62 

0.8531 

1.4646 

143.56 

0.87 I I 

1.4957 

143.50 

0.8932 

1.5332 

143.62 

0.8893 

1.5268 

143.55 

10.3212  17.7200  143.55 

This  value  for  neodymium  must  be  corrected  for  the  presence 
of  a  little  praseodymium,  which  was  estimated  by  the  intensity 
of  its  lines  in  the  spectrum.  Corrected  it  becomes  143.6,  or 
142.52  when  O  =  15.88. 
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now.  Enough  has  been  said  to  show  that  such  an  application 
of  the  atomic  theory  is  legitimate  and  is  most  highly  important 
as  a  step  towards  the  clearing  up  of  the  problems  springing  from 
the  conception  of  valence  and  from  the  periodic  system. 

Note. — Since  certain  points  in  this  paper  require  treatment  at 
greater  length  than  was  practicable  in  an  address,  it  will  be  fol- 
lowed by  a  second  paper  elaborating  such  portions. 

UvivsmaiTT  OP  North  Carolina,  December  ag,  1898. 


5IXTH  ANNUAL  REPORT  OF  THE  COnniTTEE  ON  ATOMIC 
WEIGHTS.    RESULTS  PUBLISHED  IN  i898. 

Bt  p.  W.  Clarkb. 

RacelT«d  Juittary  10,  iSqB. 

DURING  the  year  1898,  there  has  been  an  increased  activity 
in  the  determination  of  atomic  weights,  and  a  consider- 
able number  of  investigations  have  been  published.  The 
importance  of  the  subject  is  also  indicated  by  the  fact  that  the 
German  Chemical  Society  has  appointed  a  strong  committee  to 
report  annually  upon  atomic  weights;  and  its  action  for  the 
current  year  is  stated  farther  on.    The  new  data  are  as  follows : 

OXYGBN. 

Keiser'  has  effected  the  complete  synthesis  of  water,  by  a  new 
method,  in  which  the  hydrogen  held  by  palladium,  the  oxygen, 
and  the  water  produced  are  all  determined  by  successive  weigh- 
ings in  one  and  the  same  apparatus.  For  details  of  construc- 
tion, etc.,  the  original  memoir  must  be  consulted.  The  data 
for  four  experiments  are  as  follows : 

WeiflThtH.  WeiffhtO.  Sum  H  +  O.  Weight  H,0. 

0.27549  2.18249  2.45798  2.45975 

0.27936                          2.21896  2.49832  2.49933 

0.27091  2.15077  2.421S8  2.42355 

0.26845  2.13270  2.401 15  2.40269 

Prom  columns  first  _and  second,  the  ratio  H  :  O  can  be  com- 
puted, while  the  first  and  fourth  give  the  ratio  H :  H,0. 

Ratio  H  :  O.  Ratio  H  :  H,0. 
7.922  8.929 

7-943  8.946 

7-939  8.946 

7-944  8.950 

Mean,    7.937  Mean,    8.943 

From  ratio  H  :  O,      O  =  15.874 
H  :  H,0,  O  s  15.886 


<(        f  I 


Mean,     15.880 
"^  Am.  Chem.J.^  ao,  733,  November.  /^. 
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This  value  is  very  near  that  obtained  by  Motley,  15.879  ;  and 
has  corroborative  value.  Its  great  merit  is  in  the  directness  of 
the  determination,  and  in  the  avoidance  of  complicated  or 
troublesome  corrections. 

NITROGEN. 

The  equivalent  of  cyanogen  has  been  determined  by  Dean  ;' 
but  as  yet  only  an  abstract  of  his  work  has  appeared.  Silver 
cyanide  was  dissolved  in  nitric  acid,  and  titrated  by  Stas'  method 
with  potassium  bromide.  The  data  give  CN  =  26.065  ;  whence, 
iiC=  12.01,  N  =  14.055. 

* BORON. 

Armitage'  has  redetermined  the  atomic  weight  of  boron  by  two 
methods.  First,  by  determination  of  the  percentage  of  water  in 
borax,  which  had  been  washed  with  alcohol  and  ether  succes- 
sively, and  then  dried  for  six  hours  in  a  vacuum.  The  mean  of 
six  experiments  gave 

B  =  10.959. 

Secondly,  by  the  method  of  Rimbach.  Fused  borax  was  dis- 
solved in  water  and  titrated  with  dilute  sulphuric  acid.  The 
mean  of  two  experiments  gave 

B  =  10.928. 

The  abstract  published  gives  no  details  of  individual  determina- 
tions, and  neglects  to  state  what  values  were  assigned  to  the 
other  atomic  weights  involved  in  the  calculations,  except  that 
0  =  16.  The  communication  was  discussed,  in  the  main  un- 
favorably, by  Veley,  Groves,  Scott,  and  Dewar. 

Armitage's  paper  called  forth  also  a  brief  note  from  Leonard,' 
who  refers  to  experiments  of  his  own  upon  the  dehydration  of 
borax.  He  states  that  soda  and  boric  acid  are  both  volatilized 
when  borax  is  intensely  ignited,  and  that  the  composition  of  the 
residue  is  not  constant.  From  this  he  concludes  that  the  use  of 
borax  for  determinations  of  atomic  weight  is  liable  to  be  attended 
by  serious  errors. 


1  CX/n.  News,  Tt,  a6x,  Norcmber  as,  tSgS. 

>  Ibid.,  77. 78.    A  paper  read  before  the  Chemical  Society.    Not  yet  printed  in  full. 

s/Nrf.,77, 104. 
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CI,   35.464 
Br,  79.666 
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I. 

126.23 

N. 

14.0 

0, 

16.0 

F, 

18.928 

B 

1 1. 041 

c. 

11.9497 

Si. 

28.0 

NEW  TABLES. 

^h        70  I,  126.23  Cu,   63.339 

Na,  23.06  N.  14.0  Ag,  107.717 

K,  39- m  O,  16.0  Au,  195.77 

Rb,  84.96  F,  18.928  Hg.  198.45 

Cs,  131. 1  B  11.041  Zn,   65.385 

CI,  35464  C,  11.9497  Cd,  112.0 

Tl,  204.298 


Two  new  tables  of  atomic  weights  have  appeared  during  the 
year ;  one  by  Richards,'  the  other  by  a  committee  of  the  German 
Chemical  Society,  consisting  of  Professors  Landolt,  Ostwald,  and 
Seubert.*  Both  tables  coincide  in  the  main  with  jthat  of  your 
committee,  but  in  some  instances  there  are  differences  which 
can  be  eliminated  only  by  new  investigations. 

Richards'  table  is  preceded  by  a  careful  discussion  of  some 
points  at  issue,  especially  as  regards  the  atomic  weights  of  anti- 
mony, cadmium,  calcium,  magnesium,  platinum,  tungsten  and 
uranium.  For  antimony,  Richards  prefers  the  value  119.92,  or 
in  round  numbers  120,  which  depends  on  Cooke's  analyses  of 
the  bromide,  and  involves  the  rejection  of  other  data  which 
seem  entitled  to  some  weight.  For  cadmium  he  accepts  the 
higher  value  112.3,  rather  than  112.  Morse  and  Arbuckle's 
recent  work  lead  me  to  adopt  the  value  112.38  for  the  present, 
bringing  the  committee  table  into  harmony  with  that  of  Richards. 
In  the  case  of  calcium  Richards  regards  the  value  40.07  as  too 
high,  and  adopts  the  round  number  40.  For  magnesium,  two 
values  are  in  controversy,  and  here  again  Richards  accepts  the 
higher.  In  this  case  more  evidence  is  needed.  The  same  thing 
is  true  of  platinum,  tungsten,  and  uranium.  The  atomic  weights 
of  all  three  are  uncertain  to  some  tenths  of  a  unit  at  least,  and 
where  Richards  has  selected  data,* I  have  preferred  to  use  least 
square  averages.  New  and  better  determinations  are  necessary 
in  all  three  cases. 

The  committee  of  the  German  Chemical  Society  present  their 
table  without  discussion  of  the  data,  so  that  it  represents  their 
careful  judgment  as  to  the  best  values  for  analytical  use,  unen- 
cumbered by  argument.  All  three  of  the  members,  however, 
argue  at  length  in  favor  of  O  =  16,  as  the  basis  of  the  scale, 
and  give  the  well-known  reasons  in  support  of  that  view.    Apart 

^  Am.  Chfm.J.,  so,  543,  July,  1898. 

s  B^r.  d.  chem.  Ga.,  31,  2761,  Noyember  38, 1898. 
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from  theory,  the  oxygen  scale  certainly  has  the  merit  of  greater 
convenience.  The  committee  also  suggest  the  desirability  of  an 
international  commission  upon  atomic  weights,  and  in  that  all 
chemists  are  likely  to  agree. 

In  the  following  table  of  atomic  weight  your  committee  give 
first  its  own  sets  of  values,  based  upon  both  standards,  H  =  i, 
and  O  =  16.  These  values  are  only  rounded  off  to  the  second 
decimal  place,  and  represent,  so  far,  the  actual  results  of  re- 
calculation from  the  original  data.  Next  is  given  Richards' 
table,  and  finally  the  table  of  the  German  Chemical  Society, 
both  sets  of  constants  being  more  or  less  rounded  off  by  the 
authors  for  convenience  in  practical  use.  It  will  be  seen  at  once 
that  the  values  adopted  are  in  most  cases  sensibly  identical.  The 
new  elements  coronium,  polonium,  radium,  monium,  etherion, 
krypton,  neon,  xenon,  and  metargon  are  omitted,  for  lack  of 
sufficiently  precise  data. 

Clarke. 
H  a>  1.  O  s  16.     Richards.      German. 

Almninum '. 26.91  27.11  27.1  27.1 

Antimony 1 19.52  120.43  120.0'  120. 

Argon ?  ?  39.9  40. 

Arsenic 74-44         75-oi  75-o  75- 

Barium 136.39  137.43  137-43  1374 

Bismuth  .f 206.54  208.11  208.0  208.5 

Bofon 10.86  10.95  10.95  II. 

Bromine 79-34         79-95  79-955        79-96 

Cadmium iii-54  112.38  112.3  112. 

Caesium 131-89  132.89  132.9  I33- 

Calcium 39.76         40.07  40.0  40. 

Carbon 11.91  12.00  12.001        12.00 

Cerium 138.30  139-35  Mo.o  140. 

Chlorine 35.18         35.45  35-455        35-45 

Chromium 51.74         52.14         52.14         52.1 

Cobalt 58.55  58.99         5900         59* 

Columbium 93.02         93.73         94.0  94. 

Copper 63.12  63.60         63.60         63,6 

Erbium 165.06  166.32  166.0  166. 

Fluorine 18.91  19.06  19.05  19. 

Gadolinium 155.57  156.76  1560  ...• 

Gallium 69.38  69.91  70.0  70. 

Germanium 71-93  72.48  72.5  72. 

Gludnum 901  9-o8  9.1  9.1 

Gold 195-74  197.23  197.3  197.2 

Helium ?  ?  4.0  4- 

Hydrogen i.ooo  1.008  1.0075        i.oz 
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CUrke. 

R  =  I.  O  —  i6.  Richards.  GermatL 

Indium 1 13-99  113-^5  ii4<o  IM- 

Iodine 125.89  126.85  126.85  126.85 

Iridium 191.66  193.12  193.0  193. 

Iron 55.60  56.02  56.0  56. 

Lanthanum 137-59  13^-64  138.5  138. 

Lead 205.36  206.92  206.92  206.9 

Lithium 6.97  7.Q3  7.03  7.03 

Magnesium 24. 10  24.28  24.36  24.36 

Manganese 54-57  54-99  55-02  55. 

Mercury '  19S.49  200.00  200.0  200.3 

Molybdenum 95.26  95.99  96.0  96. 

Neod3rmium 142.52  14360  143.6  144- 

Nickel 58-24  58.69  58.70  58.7 

Nitrogen 13.93  14.04  I4.Q45  14.04 

Osmium 189.55  190.99  190-8  191. 

Oxygen 15.88  16.00  16.000  i6.oa 

Palladium 105.56  106.36  106.5  106. 

Phosphorus 30.79  31.02  31.0  31. 

Platinum 193.41  194.89  195-2  194-8 

Potassium 38.82  39.11  39-140  39-^5 

Praseodymium 139.41  140.46  140.5  Mo. 

Rhodium 102.23  103.01  103.0  103.0 

Rubidium 84.78  85.43  85.44  85.4 

Ruthenium 100.91  101.68  101.7  101.7 

Samarium 149.13  150.26  150.0  150. 

Scandium 43.78  44.12  44.0  44-i 

Selenium 78.58  79-17  79-o  79-' 

Silicon 28.18  28.40  28.4  28.4 

Silver 107.11  107.92  107.93  107.93 

Sodium 22.88  23.05  23.050  23.05 

Strontium 86.95  87.61  87.68  87.6 

Sulphur 31.83  32.07  32.065  32.06 

Tantalum 181.45  182.84  183.0  183. 

Tellurium 126.52  127.49  127.5  127. 

Terbium 158.80  160.00  160.0  •••• 

Thallium 202.61  204.15  204.15  204.1 

Thorium 230.87  232.63  233.0  232. 

Thulium 169.40  170.70  170.0  ...• 

Tin 118.15  119.05  119.0  1 18.5 

Titanium 47.79  48.15  48.16  48.1 

Tungsten 183.43  184.83  184.4  184. 

Uranium 237.77  239.59  240.0  239.5 

Vanadium 50.99  51.38  51.4  51.2 

ytterbium 171.88  173-19  i73-o  I73- 

Yttrium 88.35  89.02  89.0  89. 

Zinc 64.91  65.41  65.40  $5.4 

Ziroonium 89.72  90.40  90.5  90.6 


NOTE. 

DroTvn's  Method  of  Determining  Silicon.^ — In  the  July  number 
of  this  Journal,  George  Auchy  has  described  a  method  devised 
by  him,  which  will  effect  a  more  thorough  dehydration  of  the 
silica  than  is  obtained  by  the  method  usually  followed.  Dr. 
Dudley'  called  attention  to  the  difficulty  of  dehydrating  in  this 
case  at  the  Troy  meeting  of  this  society  in  1896. 

Without  claiming  any  superiority  over  Mr.  Auchy's  method 
it  may  be  of  interest  to  describe  a  modification  which  has  been 
ifi  use  in  this  laboratory  for  a  number  of  years.  It  is  not  origi- 
nal with  the  author. 

The  pig  iron  or  steel  is  weighed  into  a  No.  4  beaker  and 
brought  into  solution  by  the  usual  method  as  described  by  Blair. 
We  then  add  forty  cc.  of  concentrated  sulphuric  acid  and  evapo- 
rate to  fumes  on  the  hot  plate.  A  leather  strap  about  one  inch 
broad  and  twenty  inches  long  is  passed  under  the  lip  of  the 
beaker  and  the  ends  clasped  between  the  thumb  and  forefinger. 
By  a  slight  wrist  movement  the  contents  of  the  beaker  are  given 
a  rapid  rotary  movement.  The  beaker  can,  in  this  way,  be 
heated  directly  in  the  full  flame  of  the  Bunsen  burner  with  per- 
fect safety.  Care  only  must  be  taken  that  the  contents  are  kept 
in  continual  motion  and  that  sufficient  acid  is  present  to  cover 
the  glass  exposed  to  the  flame.  Under  these  circumstances  any 
lumps  are  broken  up  and  a  thorough  contact  between  the  silica 
and  the  very  hot  acid  is  insured.  In  many  other  cases  where 
evaporation  to  fumes  is  necessary  and  the  tendency  to  bump 
prevents  the  simple  boiling  down  of  the  solution,  the  use  of  a 
strap  in  this  way  is  invaluable.  As  a  rule,  it  will  be  found 
more  convenient  than  the  use  of  the  casserole.  It  is  also  very 
convenient  in  handling  hot  beakers  as  it  is  adaptable  to  one  of 
any  size. 

We  perhaps  run  the  risk  of  recounting  what  may  be  to  some 
chemists  an  old  story,  but,  as  in  our  experience  we  have  yet  to 
visit  a  laboratory  in  which  the  strap  was  used  in  this  way,  it  is 
but  reasonable  to  conclude  that  it  has  not  met  with  the  attention 
it  deserves.  A.  C.  Langmuir. 

Laboratoay  op  Rickrtts  &  Banks, 
Nbw  York. 

1  This  Jon  mat ,  ao,  547. 
s  fbtd..  19, 106. 
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THE  SOLUBILITY  OF  lODINB  IN  DILUTE  POTASSIUil 

IODIDE  SOLUTIONS.' 

By  A.  A.  N0TB8  AiTD  L.  J.  SBIDBIVSTXCKK&. 
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FROM  the  investigation  of  Jakowkin'  on  the  distribution  of 
iodine  between  carbon  disulphide  and  tolerably  dilute 
potassium  iodide  solutions,  it  would  seem  almost  beyond  doubt 
that  the  iodine  in  these  solutions  is  present  chiefly  in  the  form 
of  the  compound  KI,.  This  assumption,  however,  is  apparently 
in  contradiction  with  the  well-known  fact,  which  has  been  quan- 
titatively confirmed  by  the  experiments  of  Dossios  and  Weith,' 
that  from  a  strong  solution  of  potassium  iodide  which  has  been 
saturated  with  iodine,  the  iodine  is,  for  the  most  part,  precipita- 
ted by  dilution  with  water,  for  the  following  equation  of 
equilibrium  must  evidently  hold  true  : 

KI.  =  >fe(KI)X(I,) 

where  the  symbols  represent  the  concentrations  of  the  substances, 
and  ^  is  a  constant.     If  now  the  solutions  are  kept  saturated 
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with  iodine,  then  its  concentration  is  constant,  and  the  above 
equation  becomes 

(Kl,)  =  k  (KI). 

That  is,  the  concentration  of  the  periodide  is  directly  propor- 
tional to  that  of  the  iodide,  and  dilution  should  bring  about  no 
separation  of  iodine.  It  seemed  now  not  improbable  that  this 
apparent  contradiction  between  the  results  of  Jakowkin  and 
those  of  Dossios  and  Weith  could  be  explained  by  the  fact  that 
the  former  results  have  reference  to  fairly  dilute,  and  the  latter 
to  concentrated  solutions.  The  purpose  of  this  investigation 
was  to  test  this  explanation,  and  at  the  same  time  to  establish 
the  application  of  the  law  of  mass  action  in  such  a  case  ;  namely, 
a  case  where  a  salt  solution  is  saturated  with  a  substance  which 
forms  with  the  salt  a  simple  chemical  compound.  To  this  end, 
we  have  determined  the  solubility  of  iodine  in  potassium  iodide 
solution  between  the  concentrations  of  o.i  and  0.0008  normal,  as 
well  as  in  pure  water. 

The  requisite  potassium  iodide  was  obtained  by  twice  recrys- 
tallizing  a  commercial  preparation,  and  the  iodine  was  prepared 
by  sublimation  from  a  mixture  of  it  with  potassium  iodide.  Two 
solutions  of  known  strength,  about  o.i  and  0.0067  normal,  were 
prepared  by  weighing  out  the  salt,  and  from  these  six  others 
were  obtained  by  dilution.  To  four  portions  of  these  solutions 
of  each  concentration,  there  was  added  an  excess  of  finely  di- 
vided iodine  ;  and  the  mixtures  were  then  rotated  in  bottles  with 
glass  stoppers  in  a  thermostat  at  25^,  by  means  of  the  earlier  de- 
scribed apparatus.'  Duplicate  determinations  were  always 
made  in  such  a  way  that  the  state  of  saturation  was  approached 
both  from  a  higher  and  from  a  lower  temperature.  Furthermore, 
each  pair  of  determinations  was  checked  by  a  second,  in  which 
fresh  solutions  prepared  by  weighing  out  the  iodide  anew  were 
used.  After  the  bottles  had  been  rotated  from  four  to  five  hours, 
the  solutions  were  allowed  to  stand  over  night  to  settle  ;  twenty- 
five  or  fifty  cc.  were  then  pipetted  out,  and  the  dissolved 
iodine  was  titrated  by  means  of  sodium  thiosulphate  with 
starch  as  an  indicator.  In  determining  th^  solubility  in  water, 
particular  regard  was  paid  to  the  purity  of  the  water,  which  was 
distilled  from  alkaline  permanganate,  and  proved  pure  by  measur- 

1  Ztschr,  phyt*  Ch4m.,  9,  606. 
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ing  its  conductivity.  In  order  to  detect  any  slight  influence  due  to 
the  formation  of  hydriodic  acid,  the  bottles  were  rotated  in  the 
thermostat  during  different  lengths  of  time ;  but  no  difference 
in  the  results  could  be  detected. 

The  following  table  contains  the  results  in  millimols,  or  thou- 
sandths of  a  molecular  weight,  per  liter.  Under  the  heading 
*'  undersaturated",  the  values  are  given  which  were  obtained  by 
wanning  from  a  lower  temperature  up  to  25**,  while  under  '*  su- 
persaturated", those  appear  which  were  obtained  in  the  opposite 
way.  ,-» 

Solubility  op  Iodine. 

Millimols  of  dissolved  iodine  (I.)  per  liter. 
MilUmols  of        Undersaturated.  Supersaturated. 

KI  per  liter.  I.  JI.  III.  IV.  Mean. 

106.3  55.20  55.39  55.14  55.38  55.28  ±0.05 

53.15  28.03  27.97  28.16  27.96  28.03  ±0.03 

^'57  14-70  14.65  14. 72  ••••  14.68  ±0.02 

13.29  8.018  7.992  7.998  8.003  8.oo3±o.oo4 

6.643        4.678  4.712  4-589  4.688  4.667±o.oi9 

3.322        3.138  3.061  2.906  3.102  3.052±o.036 

i.66i        2.223  2.214  2.241  2.262  2.235±o.oo8 

0.8304      1.830  1.838  1.779  1-809  i.8i4±o.oio 

o  1.363  1.347  1.465*         1.283* 

o  1.302  1.337  1.341  1.357 

o           1-333           ••••  1329 

o  1.343  1-3^ 


1.351   J 

•  •  • .    I 


1. 342  ±0.004' 


An  inspection  of  the  table  shows  that  no  regular  difference 
exists  between  the  **  undersaturated*'  and  the  * 'supersaturated'* 
values,  which  proves  that  the  solutions  had.  reached  the  state  of 
equilibrium.  The  degree  of  concordance  of  the  single  results  is 
best  shown  by  the  values  of  the  deviations  from  the  mean  in  the 
last  column.  From  the  results  with  pure  water,  it  is  obvious 
that  the  amount  dissolved  was  independent  of  the  time  during 
which  the  bottles  were  rotated.  The  solubility  found  (1.342 
nullimols)  agrees  also  well  with  that  obtained  by  Jakowkin 
(^•33^7  gram  or  1.335  millimols  per  liter). 

In  order  now  to  test  the  application  of  the  law  of  mass  action, 
we  must  first  of  all  subtract  from  the  total  amount  of  dissolved 

^  Omitted  in  the  calculation  of  tbe  mean. 

'  In  determinlngr  the  amount  of  iodine  necessary  to  saturate  pure  water,  tbe  bottles 
*<n«  rotated  dnrinflf  different  lengths  of  time ;  namely,  as  follows :  first  series,  two 
^Mrs;  second  scries,  four  hours ;  third  series,  one  day ;  fourth  series,  seven  days. 


iodine,  the  amcwitit  of  iodine  soluble  in  pore  water.  In  tliis 
way,  the  amonnt  of  iodine  is  found  which  is  present  in  the  form 
of  the  complex  salt ;  and,  if  the  ratio  of  this  quantity  to  the  total 
amount  of  potassium  iodide  is  calculated,  it  can  be  seen  at  once 
to  what  extent  the  simple  proportionality  exists  which  the  law 
of  mass  action  requires  in  case  only  the  compound  KI,  is  formed. 
The  results  (expressed  in  ipillimols)  of  this  calculation  are  ar- 
ranged in  the  following  table  : 


M+I«. 

D.- 

KI.:(1U+KI0 

55.28 

53.94 

0.5074 

28.03 

26.69 

0.5021 

14.68 

1334 

0.$02I 

8.003 

6.661 

0.5012 

4-667 

3.325 

0.5005 

3.052 

1. 710 

0.5148 

2.235 

0.893 

0.5376 

1.814 

0.472 

0.5684 

106.3 

53. '5 

26.57 

13.29 
6.643 
3.322 

i.66r 
0.8304 

It  is  evident  from  the  last  column  of  this  table  that  between 
the  concentrations  o.  I  and  0.006  normal  the  iodine  present  in 
the  form  of  a  complex  salt  is  closely  proportional  to  the  total 
quantity  of  potassium  iodide.  In  the  case  of  the  more  dilute 
solutions,  however,  the  relation  of  these  two  quantities  seems 
to  increase  ;  but  this  is  probably  to  be  attributed  to  experimen- 
tal error,  for  the  quantity  of  iodine  present  as  complex  salt  is 
less  in  these  cases  even  than  the  solubility  in  pure  water.  Aside 
from  these  very  dilute  solutions,  the  assumption  that  the  iodine 
exists  exclusively  as  free  iodine  and  as  a  constituent  of  the  salt 
KI,  (or  of  its  anion)  is  therefore  in  complete  accord  with  the  law 
of  mass  action.  The  conclusion  of  Jakowkin  in  regard  to  the 
constitution  of  the  complex  salt  is  thus  confirmed  by  the  solubil- 
ity relations. 


THE  NATURE  OF  VALENCE. 

[Second  Paper.] 

By  p.  p.  Vbnablb. 
Recaived  January  13, 1^99 

AS  the  preceding  paper  upon  this  subject  was  in  the  form  of 
an  address  before  one  of  the  local  sections  of  the  society, 
the  hypothesis  as  to  the  cause  of  valence  there  suggested  was 
given  in  outline  only  and  could  not  be  enlarged  upon  as  far  as 
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may  have  been  necessary.  In  the  present  paper  it  is  proposed 
to  elaborate  certain  points  and  to  test,  as  far  as  possible,  the 
reasonable  nature  of  the  hypothesis. 

While  the  whole  subject  of  valence  has  been  much  confused, 
and  the  use  of  some  of  the  terms  connected  with  it  unfortunate, 
no  part  of  it  has  ^iven  greater  trouble  than  its  variability. 
This  is  the  very  point,  however,  which  affords  the  best  clew  to 
its  solution  and  should  therefore  be  treated  at  some  length. 

The  most  instructive  cases  of  varying  valence  are  those  where 
the  variation  is  shown  towards  the  same  element,  as  in  the  com- 
pounds PCI,  and  PCI..  FeCI,  and  FeCl,,  Hg.O  and  HgO,  CO 
and  CO,,  and  many  other  similar  compounds.  There  are  two 
possible  views  regarding  these.  Either  the  valence  varies  or  the 
valence  remains  the  same  and  the  differences  are  explained  by 
some  such  assumption  as  that  of  a  state  of  saturation  of  the  atom 
and  of  various  unsaturated  states. 

The  terms  '  saturated*  and  '  unsaturated'  present  a  number  of 
anomalies  as  commonly  used.  In  the  first  place  the  term  satu- 
rated is  not  always  used  for  that  condition  of  the  atom  in  which 
it  is  united  with  the  largest  number  of  other  atoms.  Thus,  fer- 
rous oxide  (FeO)  is  called  unsaturated,  and  ferric  oxide  (Fe,0,) 
saturated,  though  there  is  a  larger  proportion  still  of  oxygen  in 
ferric  acid  and  the  ferrates.  The  same  is  true  of  the  three  series 
of  manganese  and  chromium  compounds. 

Again  the  term  saturated  does  not  carry  with  it  any  definite 
relation  to  the  stability  of  the  compound.  Sometimes  the  com- 
pound called  unsaturated,  and  containing  the  least  number  of 
atoms  is  the  most  stable,  sometimes  that  with  the  largest 
number.  Phosphorus  trichloride  is  more  stable  than  the  penta- 
chloride,  but  the  pentoxide  is  more  stable  than  the  trioxide. 
The  most  stable  of  the  manganese  compounds  are  the  so-called 
unsaturated  manganous  salts ;  in  the  case  of  chromium  it  would 
appear  to  be  the  chromic  salts.  In  the  case  of  carbon  the  satu- 
rated compounds  are  the  most  stable.  It  is  manifest  that  these 
two  terms  cannot  cover  all  cases  of  combination  for  a  number  of 
elements.  It  would  seem  wiser  and  simpler  then  to  speak  of  the 
valence  directly  when  discussing  the  elements,  as  bivalent 
carbon  or  quadrivalent  carbon ;  bivalent  or  trivalent  iron,  etc. 
In  the  case  of  carbon  compounds  the  terms  have  acquired  a 
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somewhat  different  meaning  and  are  too  thoroughly  incorporated 
in  the  literature  for  a  change  to  be  suggested.  Saturated  here 
means  a  compound  which  can  take  on  no  further  atoms  by  addi- 
tion, while  an  unsaturated  compound  can  have  such  atoms  added. 

Certain  cases  of  change  of  valence,  as  in  cuprous  and  cupric 
compounds,  mercurous  and  mercuric,  ferrous  and  ferric,  etc., 
have  been  looked  upon  as  presenting  some  peculiar  relationships. 
Such  cases  are  spoken  of  by  some  as  if  they  occurred  among 
positive  elements  only.  It  is  not  clear  how  any  distinction  can 
be  drawn  between  these  and  the  classes  phosphorous  and  phos- 
phoric, sulphurous  and  sulphuric,  nitrous  and  nitric,  chlorous 
and  chloric,  etc.  A  possible  distinction  might  be  made  that  the 
more  negative  the  element  the  greater  the  number  of  changes  of 
valence;  the  more  positive  the  element  the  less  variation  in 
valence  is  observed.     This  would  be  an  approximation  only. 

So  great  is  the  difference  caused  by  this  variation  in  the 
valence  that  some  have  even  thought  it  best  to  arrange  what 
have  been  called  the  lower  and  higher  stages  under  different 
groups.  Thus  Mendel^eff  placed  cuprous  copper  in  Group  I, 
and  cupric  copper  in  Group  VIII ;  aurous  gold  in  Group  I  and 
auric  gold  in  Group  VIII.  Such  an  arrangement  would,  how- 
ever, greatly  confuse  the  periodic  system.  Mercury,  thallium, 
chromium,  manganese,  phosphorus,  arsenic,  sulphur,  selenium, 
and  others  would  have  to  be  similarly  provided  for.  It  is  better 
to  retain  them  in  the  positions  to  which  their  atomic  weights 
would  assign  them  and  to  study  them  more  thoroughly,  so  that 
we  may  understand  why  certain  elements,  as  copper,  gold, 
and  mercury  show  this  peculiarity  while  others  closely  akin 
to  them,  as  silver,  zinc,  and  cadmium,  do  not.  In  studying  the 
nature  of  valence  from  the  standpoint  of  its  variability,  the 
means  by  which  these  variations  can  be  brought  about  must  have 
an  important  bearing  upon  the  subject.  There  are  a  number  of 
these  agencies. 

Light. — It  is  a  matter  of  common  observation  that  light  can 
bring  about  physical,  and  the  most  varied  chemical,  transfor- 
mations. In  some  cases  it  is  apparent  that  the  transformation  is 
one  from  a  higher  to  a  lower  valence  or  vUe  versa.  Thus, 
certain  mercurous  compounds  can  be  changed  to  mercuric. 

Hg.O  =  HgO  +  Hg. 
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An  alcoholic  solution  of  ferric  chloride  is  changed  by  light  to 
ferrons  chloride. 

2FeCl.  +  C.H.0  =  2FeCl,  +  C,H,0  +  2HCI. 

Ferric  oxalate  under  the  influence  of  light  gives  off  carbon 
dioxide  and  becomes  ferrous  oxalate. 

Fe.(CA).  =  2Fe(C.OJ  +  2CO.. 
An  alcoholic    solution    of  cupric    chloride    becomes    cuprous 
chloride.      Mercuric    chloride   in    aqueous  solution  is  slowly 
changed  to  mercurous  when  exposed  to  the  light. 

2HgCl,  +  H,0  =  2HgCl  +  2HCI  +  O. 

Gold  chloride  (AuClJ,  in  contact  with  organic  substances, 
when  exposed  to  light,  is  changed  first  to  aureus  chloride(  AuCl) 
and  then  to  metallic  gold. 

It  is  quite  well  known  that  a  ray  of  light  falling  upon  a  piece 
of  selenium  changes  its  conducting  power  for  electricity.  This 
is  not  a  change  of  valence  but  has,  it  would  se^m,  its  bearing  upon 
the  problem  as  a  possible  change  in  vibration.  The  chemical 
action  of  light  is  generally  attributed  to  the  vibrations  set  up 
among  the  molecules.  Rays  having  the  shortest  wave-lengths 
and  the  greatest  frequency  are  most  active  in  this  respect  though 
all  the  rays  of  the  visible  spectrum  have  been  shown  to  exert 
some  action.  So  far  as  this  variation  in  valence  is  caused  by 
light  then  the  hypothesis  of  a  change  in  vibration  necessitating 
a  change  in  equilibrium  may  well  serve  as  an  explanation. 

Heat. — Again  these  variations  are  often  easily  brought  about 

by  changes  of    temperature.     Thus  cupric  chloride   becomes 

cuprous  chloride. 

CuCl,  =  CuCl  +  CI. 

Mercurous  chloride  is  temporarily  changed  into  mercuric,  the 
mercurous  re-forming  upon  cooling. 

2HgCl  =  Hg  +  HgCl.. 

Phosphorus  pentachloride  becomes  the  trichloride. 

PC1.=  PC1, +  C1,. 

Arsenic  pentoxide  becomes  trioxide. 

As,0.  =  As,0,  +  O,. 

An  interesting  series  of  changes  are  those  in  the  sulphur  chlo- 
rides.   Thus    sulphur    tetrachloride    (SCIJ    becomes  sulphur 
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dichloride  (SCI,),  if  warmed  above  — 22**,  and  this  becomes  sul- 
phur monochloride  (S.CIJ,  if  heated  above  64*.  This  last  can 
be  boiled  without  change. 

These  instances  might  be  multiplied  but  it  is  not  necessary. 
The  most  plausible  explanation  offered  as  to  the  effect  of  heat  is 
a  change  in  the  velocity  of  vibration,  and  it  may  well  serve  to 
explain  the  variations  caused  in  valence. 

Electricity, — Changes  of  valence  due  to  electricity  are  probably 
not  unusual  but  few  observations  concerning  them  have  been 
recorded.  One  of  the  most  noteworthy  is  the  production  of 
carbon  monoxide  from  carbon  dioxide  by  the  passage  of  the 
electric  spark. 

CO,  =  CO  +  O. 

Chttnical  Action, — The  most  usual  method  of  bringing  about  a 
change  of  valence  is  by  chemical  action.  When  the  change  is 
from  a  higher  proportion  of  the  negative  element  to  a  lower  it  is 
commonly  called  reduction,  and  the  reverse  change  is  spoken  of  as 
oxidation.  These  terms  are  apparently  relics  of  an  older  theory, 
and  are  confusing,  especially  to  a  student  beginning  the  study  of 
chemistry.  They  should  be  limited  to  cases  of  the  actual 
removal  or  addition  of  oxygen.  Thus,  to  speak  of  the  change 
of  ferrous  to  ferric  chloride  by  the  action  of  chlorine  as  an  oxida- 
tion is  careless  and  incorrect. 

FeCl,  +  CI  =  FeCl.. 

It  is  pushing  the  type  theory  rather  far  to  speak  of  the  salts  of 
one  valence  as  being  derived  from  the  oxide  of  that  valence  and 
yet  this  is  frequently  done. 

When  we  take  ferric  chloride  and  let  sulphurous  acid 'act  upon 
it,  it  is  called  a  reduction  of  the  ferric  chloride  to  ferrous  chloride, 
although  certainly  no  oxygen  is  removed  from  the  ferric  chloride 
nor  is  oxygen  added  when  the  ferrous  chloride  is  changed  again 
to  ferric  chloride  by  the  action  of  nitric  acid,  and  still  this  is 
called  an  oxidation.  The  use  of  terms  for  *these  reactions  is 
evidently  in  need  of  revision.  What  shall  we  call  the  following 
reaction,  cited  by  Drechsel  as  an  **oxidizing  action?'* 

2KMnO.  +  loFeSO,  +  8H,SO.  = 

5Fe.(S0j,  +  K,SO,  -f  2MnS0,  +  8H,0. 

Some  hydrogen  is  oxidized  with  the  formation  of  water  but  that 
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is  not  what*is  meant.  The  manganese  is  changed  from  its 
highest  valency  to  its  lowest  and  the  iron  from  its  lowest  to  a 
higher.    The  permanganate  is  of  course  deoxidized. 

It  seems  that  chemical  action  may  induce  change  when  to  an 
existing  molecule  a  third  substance  is  offered  capable  of  combi- 
ning with  one  or  more  of  i1;s  constituent  atoms,  thus  releasing  the 
former  equilibrium.  Thus  when  sulphurous  acid  takes  the 
oxygen  of  water  setting  hydrogen  free  the  hydrogen  then  takes 
one  of  the  chlorine  atoms  held  by  the  iron. 

2FeCl,  +  H.SO,  +  H,0  =  H.S0,.2HC1  +  2FeC],. 

But  the  presence  of  all  three  of  these  molecules  is  needed  for 
the  reaction  to  take  place.  So  too,  potassium  permanganate  is 
stable  in  the  presence  of  sulphuric  acid,  unless  the  ferrous  sul- 
phate or  some  such  molecules  are  present.  When  molecules  of 
these  three  substances  come  together  there  is  immediate 
rearrangement  of  molecules  with  change  of  equilibrium. 
Whether  we  are  dealing  here  with  a  play  of  affinity  which  causes 
the  tumbling  down  of  certain  molecules  and  building  up  of 
others,  or  whether  it  is  a  question  of  vibratory  equilibrium 
between  these  molecules,  cannot  yet  be  told.  The  only  certain 
thing  seems  to  be  that  a  molecule  containing  bivalent  iron  and 
another  containing  septivalent  manganese  cannot  exist  in  the  pres- 
ence of  one  another  but  must  change,  when  possible,  to  trivalent 
iron  and  bivalent  manganese. 

As  meagre  as  our  present  knowledge  is,  it  does  not  seem  to  be 
a  very  hopeful  task  to  enter  the  maze  of  changes  of  valence 
through  chemical  reactions  with  a  view  to  clearing  up  the  ideas 
as  to  the  nature  of  valence. 

Explanations  Offered, — Victor  Meyer  and  Riecke  have  supposed 
that  a  solution  of  the  problem  could  be  arrived  at  best  by  study- 
ing the  phenomena  of  frictional  electricity,  contact  electricity, 
pyro-electricity,  and  electrolytic  conductivity.  Most  of  those  who 
have  suggested  hypotheses  have  based  them  upon  a  study  of  the 
carbon  atom  and  its  compounds  and  in  particular  its  space  rela- 
tions. I  have  gathered  together  such  of  these  hypotheses  as 
have  come  to  my  notice  and  for  fear  of  doing  the  authors  an 
injustice  shall  present  their  views  as  far  as  possible  in  the  origi- 
nal language. 
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The  first  in  point  of  time  is  the  hypothesis  of  van't  HofF.'  I 
have  not  had  access  to  the  original  but  will  give  .van't  HofPs 
views  as  presented  by  Rossing  and  by  Ostwald.    Rossing*  quotes: 

' '  Die  einf achste  Betrachtung  lehrt,  dass  jede  Abanderung  von 
der  Kugelgestalt  zu  grosseren  Ausserungen  der  Anziehung  nach 
bestimmten  Richtungen  fiihren  muss,  da  sich  das  Atom  an  die- 
sen  Stellen  so  zu  sagen  besser  annafaern  lasst.  Jede  derartige 
Form  bedingt  also  eine  gewisse  Zahl  Hauptanziehungsfahigkei- 
ten,  Valenzen. 

'*Wo  nun  obendrein  noch  die  Art  des  gebundenen  Atoms  die 
Bindungskraft  bedingt,  wird  auch  die  Zahl  der  hervortretenden 
Valenzen  davon  abhangig  sein,  somit  beim Vergleich  der  Verbind- 
ungen  eines  bestimmten  Elementes  mit  verschiedenen  anderen 
ofters  eine  iinderung  der  Valenz  auftreten. 

'  *  Wenn  sich  ein  Atom  um  eine  bestimmte  Lage  gleichmassig 
in  alien  Richtungen  hin  und  her  bewegt,  ist  eine  Anderung  der 
ausseren  Form,  somit  auch  von  A£Bnitat  und  Valenz,  notwend- 
ige  Folge. 

' '  Zieht  man  jetzt  in  Betracht,  dass  die  Schwingungsgrosse 
der  Atombewegungen  von  der  Temperatur  bedingt  wird,  so 
fiihrt  obige  Anschauung  zu  dem  thatsachlich  gestiitzten  Schlusse 
dass  Temperaturzunahme  die  Anzahl  der  Valenzen  verkleinert, 
die  Affinitatserscheinungen  abschwacht,  also  die  gegenseitige 
Atomwirkung  allmahlich  zur  einfachen  Gravitationsausserung 
zuriickfiihrt.  Thatsache  ist,  dass  es  eine  obere  Temperatur- 
grenze  gibt,  wobei  von  chemischer  Wirkung  nicht  mehr  die 
Rede  ist ;  Thatsache  ist  auch,  dass  im  entgegengesetzten  Palle 
die  chemischen  Erscheinungen  sich  ungeheuer  komplizieren, 
zweifelsohne  dadurch,  dass  bis  dahin  ubersehene  Valenzen  zur 
Geltung  kommen. 

**  Die  aufgestellten  Betrachtungen  ergeben  als  unmittelbare 
Folge,  dass  eine  Atomvereinigung,  ein  Molekiil,  sich  anderen 
gegeniiber  in  der  namlichen  Art  und  Weise,  nur  weniger  scharf , 
aussert,  wie  das  Atom  selbst ;  auch  das  Molekiil  hat  Affinitat 
und  Valenz,  die  zwar  durch  die  eigenthiimliche  Zusammenstel- 
lung  der  Theile  bedingt,  nicht  aber  letzteren  an  und  fiir  sich 
eigen  sind.  So  ergibt  sich  eine  Grundlage  fiir  die  Betrachtung 
der  so-genannten  Molekularverbindungen." 

1  Anstchtcu  Uber  die  or^anitche  Chemie,  I.  3. 
1  R6tsing  :  Ttaeoretiscbc  Chcinie,  180. 
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Ostwald'  comments  upon  this  hypothesis  as  follows  : 

'*  Es  bleibt  indessen  noch  eine  Moglichkeit,  die  thatsachliche 
Verschiedenheit  der  Valenzwirkungen  zu  erklaren.  Wenn  wir 
die  Valenz  als  Frage  einer  Bigenschaft  der  Atome  auffassen, 
deren  Wirkung  dutch  die  Verschiedenheit  der  Zustande  des 
Atoms  insbesondere  der  Bewegungszustande,  modifiziert  werden 
kann,  so  ist  es  denkbar,  dass  obwohl  die  Ursache  der  Valenz 
anveranderlich  ist,  die  Wirkungen  dieser  Ursache,  eben  die 
Valenz  selbst,  von  Pall  zu  Pall  verschieden  erscheint. 

*'  Bine  H3rpothese  der  erwahnten  Art  ist  in  der  That  von  van't 
Hofi  aufgestellt  worden.  Indem  er  annahm  dass  die  chemische 
Anziehung  zwischen  den  Atomen  eine  Polge  der  Gravitation 
sd,  zeigte  er,  dass  wenn  ein  Atom  eine  von  der  Kugelgestalt 
abweichende  Porm  besitzt,  die  Intensitat  der  Anziehung  auf 
seiner  Oberfiache  eine  bestimmte  Anzahl  Maxima  besitzen  miisse 
welche  von  der  Porm  abhangt.  Die  Maxima  konnen  von  ver- 
schiedenem  Werte  sein.  Ist  die  Warmebewegung  des  Atoms 
eine  lebhafte,  so  werden  nur  die  grosste  Maxima  ihre  Atome 
iesthalten  konnen,  und  die  Valenz  zeigt  sich,  entsprechende  der 
Erfahrung,  bei  hoherer  Temperatur  kleiner  als  bei  niederer." 

Lossen's'  idea  as  to  valence,  deduced  from  the  consideration 
of  the  theories  of  van*  t  Hoff  and  Wislicenus  as  to  the  space  rela- 
tions of  the  atom  seem  to  be  condensed  into  the  single  sentence: 

"  Diese  Auffassung  fiihrt,  nach  meiner  Meinung,  nothwendig 
zn  der  Annahme,  dass  das  mehrwerthige  Atom  sich  iiberhaupt 
nicht  alsmaterieller  Punktbetrachten  lasst,  dass  vtelmehr  Theile 
desselben  zu  unterscheiden  sind,  von  welchen  die  Wirkung  auf 
andere  Atome  ausgeht." 

Wislicenus'  expresses  his  ideas  as  to  valence  as  follows  : 

''  Ich  halte  es  nicht  fur  unmoglich,  dass  das  Kohlenstoffatom 
em  Gebilde  sei,  welches  in  seiner  Gestalt  einem  regularen  Tet- 
raeder  mehr  oder  weniger  vielleicht  recht  sehr  ahnelt :  nicht  f tir 
unmoglich  ferner,  dass  die  Ursachen  jener  Wirkungen,  welche 
in  den  '  AfGinitats-einheiten'  zur  thatsachlichen  Brscheinung 
kommen,  sich  in  den  Bcken  dieses  tetraedrischen  Gebildes  con- 
centriren,  moglicherweise  ahnlich  und  aus  analogen  Gninden, 
wie  dies  die  elektrischen  Wirkungen  eines  elektrisch  geladenen 

1  Lchrbucb  der  allg.  Chcmie,  I  ed.  1, 830. 
s  Ber.  d.  cJUm.  Gts,^  to,  3309. 
•  Ibid,,  SI,  58X. 
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Metalltetraeders  thun  wiirden.  Die  eigentlichen  Trager  dieser 
Energie  wtirden  schliesslich  die  Uratome  sein»  ganz  wie  die 
chemische  Energie  der  zusammengesetzten  Radicale  uozweifel- 
haft  eineResultirendederden  Elementaratomen  innewohnenden 
Energie  ist." 

Victor*Meyer  and  Riecke*  advance  the  following  hypothesis: 

''Auf  Grund  der  mitgetheilten  chemischen  und  physikal- 
ischen  Erfahrnngen  haben  wir  uns  nun  folgende  Vorstellung  von 
der  Constitution  des  Kohlenstoffatomes  gebildet.  Wir  nehmen 
an,  dass  dasselbe  umgeben  ist  von  einer  Aetherhiille,  welche 
bei  isolirten  Atome,  wie  dieses  selbst,  kugelformige  Gestalt 
besitzt ;  das  Atom  selbst  betrachten  wir  als  den  Trager  der  spe- 
cifischen  Affinitaten,  die  Oberflache  der  Hiille  als  den  Sitz  der 
Valenzen.  Jede  Valenzdenken  wir  uns  bedingtdurch  das  Vor- 
handensein  zweier  entgegengesetzter  elektrischer  Pole,  welchein 
den  Endpunkten  einer  ini  Vergleich  zum  Durchmesser  der 
Aetherhiille  kleinen  geraden  Linie  befestigt  sind.  Wir  bezeicb- 
nen  ein  solches  System  zweier  elektrischer  Pole  als  einen  Dop- 
pelpol  Oder  Dipol.  Den  vier  Valenzen  des  Kohlenstoffatomes 
wiirden  also  vier  solcher  Dipole  entsprechen.  Die  Mittelpunkte 
derselben  denken  wir  uns  gebunden  an  die  Oberflache  der 
Aetherhiille,  in  dieser  aber  frei  verschiebbar  ;  die  Dipole  selbst 
seien  freidrehbar  um  ihre  Mittelpunkte." 

It  is  scarcely  necessary  to  give  the  further  assumptions.  The 
hypothesis  of  Knorr*  may  be  also  given  in  brief : 

"Ich  denke  mir  die  Valenzen  bedingt  durch  die  Gliederung 
der  Atome  in  besondere  raumlich  gesonderte  Massen,  die  ich 
*  Valenzkorper*  nennen  will.  Jeder  Valenzkorper  soil  die 
Fahigkeit  besitzen,  andere  Valenzkorper  auzuziehen  und  durch 
diese  Anziehungfestzuhalten.  .  .  .  Die  Werthigkeit  ist  bestimmt 
durch  die  relative  Anzahl  der  in  einem  Atom  vorhandenen  Valenz- 
korper. Die  Bindungen  kommen  zu  Stande  durch  Beriihrung 
von  Valenzkorpern.  Im  Kohlenstoffatom  miissen  die  Valenz- 
korper gleichwerthig  und  gleichmassig  im  Raume  gruppirt 
sein.*' 

Plawitzky'  takes  as  a  basis  for  his  hypothesis  the  suggestion 
of  N.  Beketoff  that  the  cause  of  the  chemical  interaction  of  the 

i  Ber.  d.  chem.  Ges..  ax,  951. 

^  Ann.  Chem.  (Liebig),  ayg,  ao2. 

*ZiscAr.  anorg.  Chem.,  la,  183. 
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elements  lay  in  the  interference  or  coincidence  of  the  motions  of 
the  atoms.  The  chief  assumption  is  that  the  atoms  of  each  ele- 
ment described  closed  carves  which  lie  in  planes,  which  are  par- 
allel to  one  another  and  have  a  constant  absolute  position  in 
space.  The  atoms  of  different  elements  move  in  planes  whic^h 
make  definite  constant  angles  with  one  another.  **  Nehmen  wir 
in  der  That  an,  dass  die  lebendige  Kraft  der  Atome  verschied- 
ener  Elemente  gleich  gross  ist,  so  kann  die  Bewegung  eines 
Atomes  eines  Elementes  nur  dann  durch  die  Bewegung  eines 
Atomes  eines  anderen  Elementes  vollstandig  aufgehoben  wer- 
den,  wenn  die  beiden  Bahnebenen  unter  einander  parallel  sind. 
Widrigenfalls  konnen  je  nach  der  Grosse  des  Winkels  zwischen 
den  Bahnebenen  Falle  vorkommen,  wo  ein  Atom  eines  Elementes 
dazu  zwei,  drei  und  mehr  Atome  eines  anderen  verlangen  wird. 
£s  konnen  namlich  insolchen  Fallen  nur  diejenigen  Komponen- 
ten  zur  Wirkung  kommen  welche  der  Bewegungsebene  des 
anderen  Atoms  parallel  sind.  Somit  lasst  sich  die  Wertigkeit 
der  Elemente  auf  die  Verschiedenheit  der  Winkel  zwischen  den 
Bahnebenen  verscheidenartiger  Atome  zuriickfiihren.  Die 
Grossen  dieser  Winkel  miissen  augenscheinlich  dem  Gesetze 
ganzer  rationaler  Beziehungen  folgen,  wodurch  die  Fahigkeit 
der  Atome,  sich  in  ganzen  Zahlen  zu  verbinden,  bestimmt  ist." 

It  is  quite  possible  that  other  hypotheses  as  to  valence  have 
been  formulated  but  have  escaped  my  notice.  These  will  suffice 
to  give  the  more  recent  trend  of  thought  upon  the  subject.  I 
may  state  that  none  of  these  were  known  to  me  when  the  first 
paper  was  sent  on  for  publication  as  I  had  not  deemed  it  neces- 
sary to  look  beyond  the  usual  text-books  in  examining  into  the 
literature  upon  the  subject.  This  statement  is  not  made  for  per- 
sonal reasons  as  that  is  a  matter  of  small  moment,  but  that  there 
may  attach  to  my  hypothesis  whatever  of  value  there  is  in  the 
independent  reaching  of  a  conclusion. 

It  is  not  pertinent  to  this  paper  to  discuss  at  any  length  the 
citations  just  given.  But  a  few  words  are  needed  to  bring  out 
certain  differences  and  distinctions.  In  most  of  them  we  have 
the  assumption  of  some  peculiar  form  of  energy — an  **  Anzie- 
hnngskraft."  Flawitzky  alone  makes  no  explicit  assumption  of 
the  kind.  Besides  this  assumed  force,  which  is  the  point  of  con- 
tention after  all,  we  have  various  other  assumptions  of  a  remark- 
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able  character ;  e,g,,  as  to  the  forms  of  atomSi  envelopes,  pri- 
mal atoms,  and  Valemkbrper,  Flawitzky's  hypothesis  is  based 
upon  the  angles  made  between  the  planes  in  which  the  atoms  move. 

Now  in  the  place  of  all  this  I  wish  to  substitute  that  which 
seems  to  me  to  be  the  simpler  hypothesis  of  vibratory  equilib- 
rium. *  There  is  only  one  attractive  force  to  be  considered  and  this 
is  called  chemical  affinity  and  causes  the  union  of  the  atoms,  binding 
them  together.  These  atoms  may  unite  atom  with  atom,  or  one 
atom  with  two  or  three  or  more  atoms  of  the  other  element  or 
other  elements.  While  we  speak  of  union  there  is  no  actual  con- 
tact to  be  assumed.  The  individual  atoms  have  their  own 
motion  and  at  the  same  time  the  aggregation  of  atoms,  or  mole- 
cule, has  a  motion  proper  to  it.  The  conditions  of  equilibrium 
in  such  a  system  determine  the  number  of  atoms  which  can  enter 
it :  as  one  to  one,  one  to  two,  etc.  There  is  no  distinct  force  of 
valence  determining  this.  The  form  of  the  atoms  can  scarcely 
be  taken  into  consideration  because  the  distance  between  the 
atoms  is  too  great,  compared  with  the  mass  of  the  atom,  for  the 
form  to  exert  much  influence,  unless  it  influences  the  character 
of  the  motion.  The  atomic  weight  also  has  little  influence  in 
determining  the  number  of  atoms  needed  to  satisfy  the  condi- 
tions of  equilibrium  except  that  there  seems  to  be  a  general  rule 
that  with  increase  in  the  atomic  weight  in  any  one  group  more 
stable  equilibrium  is  brought  about  with  the  smaller  number  of 
atoms  and  in  a  choice  between  several  the  lesser  valence  is 
preferred.  (Compare  nitrogen  and  bismuth  ;  sulphur  and  tel- 
lurium.) 

There  would  then  appear  to  be  seven,  possibly  eight,  different 
kinds  of  motion  among  the  atoms.  Different  velocities  of  vibra- 
tion are  not  meant,  but  different  phases  of  motion.  For  instance, 
all  may  have  elliptical  orbits  with  different  focal  distances  ;  or 
circular,  with  different  radii,  etc.  In  any  group  of  elements  the 
motion  of  the  atoms  would  have  one  common  characteristic  but 
there  would  be  differences  in  velocity.  In  the  first  and  seventh 
group,  showing,  for  the  most  part,  a  tendency  towards  the  same 
equilibrium,  or  having  the  same  valence,  the  motion  must  be 
closely  analogous.  So  too  for  the  second  and  sixth  groups,  the 
third  and  fifth.     There  may  then  be  a  necessity  for  four  distinct 

1  Dr.  Jas.  Lewis  Howe  suggests  the  name  "  kinetic  equilibrium." 
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phases  only,  unless  we  suppose  a  fifth  for  the  eighth  group.  If 
the  motion  of  an  atom  can  be  changed  from  one  character  to 
another  its  valence  is  changed  and  in  such  general  properties  as 
are  dependent  upon  motion  and  not  upon  atomic  weight  it  is 
equivalent  to  changing  its  group.  Electricity,  light,  heat,  and 
chemical  action  can  cause  this  change  of  motion.  In  so  far  the 
properties  of  the  element  are  subject  to  change  and  within 
ou'  control.  But  the  other  factor,  atomic  weight,  with  the  prop- 
erties of  the  element  determined  by  it,  is  not  subject  to  change 
nor  within  our  control,  so  far  as  our  knowledge  goes. 

While  it  is  freely  granted  that  there  is  so  much  of  the  specula- 
tive in  what  has  been  said  as  to  make  us  touch  the  whole  sub- 
ject with  extreme  caution,  and  while  it  is  further  admitted 
that  it  is  quite  beyond  the  reach  of  present  experimental  research, 
yet  it  is  believed  that  the  use  of  the  imagination  is  legitimate 
and  tends  toward  the  advancement  of  the  science  so  long  as  the 
true  value  is  set  upon  it  and  fancy  is  not  allowed  to  obscure  fact 
nor  to  be  mistaken  for  it.  The  hypothesis  proposed  is  simple 
and  if  true  will  be  very  helpful.  It  will  be  a  great  step  forward 
if  it  can  be  shown  that  the  doctrine  of  valence  is  a  doctrine  of 
vibratory  .equilibrium. 


EMETINE  OCTOIODIDB  AND  THE  EXTRACTION  AND  ESTI- 
MATION OP  ALKALOIDS  GENERALLY. 

By  H.  M.  Goroxn  and  A.  B.  Prbscott. 
Received  November  07,  iBgS. 

IN  a  previous  paper*  we  have  shown  that  most  alkaloids  form 
definite  compounds  when  treated  with  excess  of  iodopotas- 
sium  iodide  and  that  it  is  possible  to  estimate  the  strength  of 
aqueous  solutions  of  alkaloidal  salts  by  means  of  standardized 
solutions  of  iodine  and  of  sodium  thiosulphate.  In  applying  this 
method  to  the  assay  of  medicinal  drugs  it  is  immaterial  what 
method  of  extraction  of  the  alkaloids  from  the  drug  is  employed, 
provided  the  final  alkaloidal  solution  be  sufficiently  deprived  of 
non-alkaloidal  matter.  The  simplest  and  quickest  method  of 
obtaining  the  alkaloidal  solution  sufficiently  free  from  foreign 

I  In  the  work  of  Reieftrch  Committee  D,  Section  3,  Committee  of  Revision  and  Publica- 
tioo  of  the  Pharmacopoeia  of  the  United  States.  Read  by  title  before  the  New  York 
■Mting  of  the  American  Chemical  Society,  December  28, 1898. 

s  This  Journal,  so,  706,  Sept.,  1898, 
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matter  is  undoubtedly  the  method  proposed  by  Dr.  A.  B.  Lyons.* 
This  consists  in  macerating  a  weighed  quantity  of  the  pow- 
dered drug  in  a  definite  volume  of  Prollius'  fluid  with  frequent 
shaking  for  several  hours,  drawing  off  an  aliquot  part  of  the 
clear  liquid,  evaporating  and  taking  up  the  residue  with  acid- 
ulated water.  The  alkaloidal  solution  obtained  by  this  method 
is  generally  almost  perfectly  colorless  and  can  be  worked  up 
further  for  a  gravimetric  estimation  by  shaking  out  the  alkaloids 
with  chloroform  and  ammonia.  For  our  iodometric  method  the 
filtered  solution  can  be  treated  directly  with  excess  of  iodine,  the 
excess  of  which  is  then  estimated  by  sodium  thiosulphate.  For 
the  alkalimetric  estimation,  again,  the  same  filtered  solution  may 
be  taken,  using  standardized  acid  in  excess  and  estimating  the 
excess  by  means  of  standardized  alkali.  The  only  drawback  to 
this  method  of  extraction  is  the  great  difficulty  of  preventing  loss 
by  evaporation  of  the  highly  volatile  solvent,  by  which  loss  the 
volume  of  the  aliquot  part  becomes  reduced,  and  the  final  figure 
is  liable  to  be  too  high. 

A  GENBRAI^  METHOD  OP  EXTRACTION. 

In  order  to  avoid  this  difficulty  we  have  worked  out  an 
entirely  different  method  of  alkaloidal  extraction  which  can  also 
be  used  with  any  one  of  the  methods  of  estimation  as  desired. 
In  its  main  features  this  method  is  the  same  as  that  which  we 
proposed  for  the  assay  of  opium.'  It  is  carried  out  in  the  follow- 
ing manner  : 

One  to  four  grams  of  the  finely  powdered  drug  is  weighed  into 
a  low  wide-mouthed  vessel,  with  a  round  bottom,  holding  eight  or 
ten  ounces  and  having  a  well-fitted  cork,  such  as  a  screw-top 
ointment-jar.'  The  powder  is  rubbed  up  with  a  small  pestle  to 
a  fine  paste  by  adding  a  little  of  a  solvent  mixture,  composed  of 
stronger  ammonia  water  and  alcohol  each  five  cc,  chloroform 
ten  cc,  and  ether  twenty  cc.  Then  a  few  more  cubic  centimeters 
of  this  mixture  are  added,  so  as  to  have  the  drug  well  covered 
with  the  liquid,  using  in  all  about  five  times  the  amount  of  the 
drug  taken.  The  vessel  is  corked,  with  the  pestle  inside,  and  is 
set  aside  for  about  four  or  five  hours,  taking  care  to  agitate  by 

1  Manual  of  Pharm.  Assaying,  Haynes  &  Co.,  Detroit,  Mich.,  r886,  p.  30. 
9  This  Journal,  1898,  so,  734 ;  fharm.  Archives^  J898,  p.  121. 
*  An  ordinary  teacup  fitted  with  a  specie  cork  answers  well. 
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circular  movement  very  frequently  daring  that  interval.  After 
that  time  the  cover  is  removed  and  the  vessel  kept  in  a  current 
of  air,  stirring  frequently  till  all  odor  of  ammonia  has  disappeared. 
With  a  good  draught  and  frequent  stirring  the  powder  will  be 
almost  perfectly  dry  in  about  two  hours.  The  vessel  is  then  put 
into  a  vacuum  desiccator  over  sulphuric  acid  for  about  four  or 
five  hours. 

An  amount  of  powdered  sodium  chloride  equal  to  about  five 
or  six  times  the  amount  of  drug  employed  is  then  carefully 
mixed  in,  with  use  of  the  pestle,  and  the  whole  thrown  into  a 
small  percolator,  one  provided  with  a  glass  stop-cock  and  having 
a  plug  of  cotton  at  the  bottom.*  The  vessel  is  then  cleaned  out 
several  tunes  with  small  quantities  of  sodium  chloride,  and  the 
cleanings  added  to  the  percolator.  The  mixture  in  the  percolator 
is  then  covered  with  a  piece  of  cotton  which  is  pressed  down 
with  a  piece  of  glass,  and  a  suitable  menstruum,  usually  chloro- 
form, is  poured  slowly  into  the  percolator  till  the  menstruum 
reaches  the  stop-cock.  The  latter  is  then  closed,  the  percolator 
covered,  and  set  aside  for  five  or  six  hours.  After  that  time  the 
stop-cock  is  opened,  and  the  drug  exhausted  with  the  menstruui;ti 
percolating  until  ten  drops  of  the  percolate  being  evaporated  on 
a  watch-glass,  and  the  residue  taken  up  with  a  few  drops  of 
acidulated  water,  the  solution  shows  no  turbidity  whatever  on 
adding  a  few  drops  of  Wagner's  reagent.  When  finished  the 
percolate,  which  is  received  in  a  flat  evaporating  dish,  is  placed 
in  a  good  draught  at  a  temperature  of  about  30*^  C.  When  the 
liquid  is  reduced  to  a  very  small  volume,  ten  cc.  of  acidulated 
water'  are  added,  and  then  a  few  cubic  centimeters  of  ether,  or 
petroleum  ether,  so  as  to  have  an  ethereal  liquid  cover  the 
aqueous  solution/  when  the  whole  is  stirred  with  a  glass  rod 
mitil  all  the  ethereal  liquid  is  driven  off.  The  liquid  is  then 
filtered  and  the  evaporating  dish  and  filter  washed  several  times 
with  acidulated  water.  In  this  way  is  obtained  a  colorless  solution 
of  the  alkaloid,  which  can  be  worked  up  for  any  method  of  assay. 

I A  suitable  percolator  is  easily  made  out  of  an  ordinary  piece  of  glass  tubing  fitted 
vith  a  perforated  cork  through  which  passes  a  tube  having  a  glass  stop-cock. 

s  If  an  alkatimetric  assay  is  intended  the  acidulated  water  in  the  operation  should 
be  standardized  and  taken  in  definite  quantities. 

s  If  the  menstruum  is  all  evaporated  off  it  is  sometimes  difficult  to  dissolve  out  the  al- 
kaloids with  acidulated  water.  If  chloroform  be  used,  coming  below  the  aqueous  layer, 
it  evaporates  too  slowly. 
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THB   lODOMBTRIC  ESTIMATION. 

In  the  periodide  method  of  assay  the  final  alkaloidal  solution 
obtained,  whether  by  our  method,  by  Dr.  Lyons*  method,  or  by 
any  other  method,  this  final  solution  representing  a  definite 
quantity  of  the  drug  to  be  assayed,  is  poured  slowly  and  with 
constant  stirring  into  a  flask  holding  loo  cc.  in  which  has  been 
previously  drawn  twenty  or  thirty  cc.  of  a  standardized  solution 
of  iodine  and  one  or  two  cc.  of  dilute  hydrochloric  acid* 
(U.  S.  P.).  The  flask  is  then  filled  up  to  loo  cc,  stoppered, 
and  well  shaken  till  the  periodide  has  separated  out.  The 
supernatant  liquid  is  to  be  perfectly  transparent  but  of  a  red 
iodine  color.  Fifty  cc.  are  then  filtered  ofi  and  in  this  portion 
the  excess  of  iodine  determined  by  means  of  standard  sodium 
thiosulphate.  The  amount  of  iodine  consumed  multiplied  by 
the  suitable  factor,  gives  the  amount  of  alkaloid  present  in  the 
quantity  of  drug  taken. 

In  the  case  of  several  alkaloids  being  present  in  the  drug  a 
mean  iodometric  factor  can  be  deduced  in  the  same  way  as  is 
done  in  the  alkalimetric  assay.  It  is  to  be  noticed  that  should 
there  be  no  precipitate  with  iodine,  but  only  a  slight  turbidity, 
then  the  drug  is  extremely  poor  and  for  the  assay  a  much  larger 
quantity  than  one  to  four  grams  should  be  taken.  On  the  other 
hand  should  the  supernatant  liquid,  after  adding  the  alkaloidal 
solution  to  the  iodopotassium  iodide  solution  and  separating  the 
periodide  by  shaking,  have  very  little  color  or  be  almost  colorless 
then  it  is  certain  that  the  drug  is  very  rich,  and  either  a  smaller 
quantity  of  the  drug  or  a  larger  quantity  of  the  iodine  solution 
must  be  employed  in  the  assay. 

The  method  of  extraction  described  above  presents  particular 
advantages  in  those  cases  where  several  alkaloids  soluble  in 
different  menstrua  are  present  in  the  drug,  as  by  using  these 
menstrua  successively,  a  separation  of  the  alkaloids  can  be  easily 
effected.  This  principle  we  have  applied  to  the  assay  of  opium, 
and  it  seems  also  to  be  applicable  to  Hydrastis  canadensis^  a 
report  upon  which  we  intend  to  publish  in  the  near  future. 

This  method  of  extraction  of  alkaloids  for  assay  purposes  has 
given  us  very  good  results  with  all  drugs  experimented  upon, 

1  Except  in  the  cftse  of  morphine  an  excess  of  scid  is  not  hurtful  and  even  promotes 
the  separation  of  the  periodide.    Hydrochloric  is  to  be  preferred  to  sulphuric  acid. 
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except  ipecac  root.  For  some  unaccountable  reason  it  is  almost 
impossible  to  extract  free  emetine,  which  is  liberated  in  our  pro- 
cess by  the  ethereoammoniacal  mixture,  from  this  root  by 
percolation.  Ether,  chloroform,  and  acetone  were  tried  as  men- 
strua, but  in  all  cases  the  result  was  much  lower  than  that 
obtained  by  Lyons'  process.*  Though  the  percolation  was  not 
interrupted  till  a  few  drops  tested  in  the  general  way  with 
Wagner's  reagent  gave  no  reaction  whatever.  The  very  low 
result  as  compared  with  that  obtained  by  Lyons'  method  shows 
conclusively  that  the  exhaustion  cannot  be  made  complete  by 
percolation.  This  fact  would  possibly  explain  why  Fliickiger', 
who  extracted  ipecac  by  percolation  with  ammoniated  chloro- 
form, obtained  exceptionally  low  results.^  In  the  assay  of 
ipecac,  given  at  the  end  of  this  paper,  the  method  used  was  that 
of  Dr.  Lyons.  The  other  drugs  have  been  extracted  by  our 
method  as  described  above,  and  the  results  compared  with 
those  obtained  b}'  Lyons'  method. 

The  periodide  assay  method  applied  to  nux  vomica,  along 
with  a  modification  of  Dunstan  and  Short's  method  of  separation 
of  strychnine  from  brucine*  affords  a  convenient  way  of  separate 
estimation  of  each  of  these  alkaloids  in  the  drug  as  follows  : 

The  acidulated  alkaloidal  solution  obtained  from  nux  vomica 
in  any  suitable  way,  and  representing  four  grams  of  the  drug,  is 
made  up  to  a  definite  volume,  say  loocc.  Of  this  solution  twenty- 
five  cc.,  which  represent  one  gram  of  nux  vomica,  are  run  from 
a  burette  into  a  100  cc.  flask  in  which  has  been  placed  twenty 
cc.  of  decinormal  iodine  solution  and  two  cc.  dilute  hydrochloric 
acid,  and  the  amount  of  iodine  consumed  by  the  total  alkaloids 
contained  in  that  one  gram  nux  vomica  is  reached  in  the  way 
described  above.  Let  that  amount  be  a.  If  only  the  amount  of 
total  alkaloids  in  the  nux  vomica  is  desired  it  is  sufficient  to 
multiply  a  by  47.845  which  is  equal  to  100  times  the  mean 
factor  of  strychnine  and  brucine  and  the  percentage  of  total  alka- 
loids is  at  once  obtained. 

THB  SBPARATB  BSTIMATION  OP  STRYCHNINB  AND  BRUCINB. 

For  the  separate  estimation  of  each  of  these  alkaloids,  another 

^  It  it  Lyons'  general  method,  not  his  modification  of  Dragendor£f'«  method,  that  ia 
referred  to  here. 

s  Fharm,  Ztg.^  r886, 30. 

s  See  alao  Guareachi :  Binfeuhr  in  d.  Stud.  d.  Alkal.,  1896, 537. 

*  Fharm,  J.  TVvni.  (3),  14,  290;  Am,  J,  Pharm.,  i8Sj,  579. 
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portion  of  the  alkaloidal  solution,  representing  two  grams  of  the 
nux  vomica,  that  is  fifty  cc,  is  run  out  from  the  burette  into  an 
Erlenmeyer  flask  of  the  capacity  of  about  300  cc.  and  to  the  con- 
tents of  the  flask  ten  cc.  of  a  two  per  cent,  solution  of  sulphuric 
acid  is  added,  and  then  water  enough  to  make  in  all  about  200 
cc.  Then  pour  in  twenty-five  cc.  of  a  five  per  cent,  solution  of 
potassium  ferrocyanide,  stopper  the  flask  and  shake  continuously 
for  about  half  an  hour.  Now  filter,  wash  the  precipitate  on  the 
filter  repeatedly  with  water  containing  one  per  cent,  of  sulphuric 
acid,  till  a  few  drop^  of  the  filtrate  diluted  with  a  little  water 
have  no  bitter  taste.  The  filter  is  then  pierced  and  the  precipi- 
tate rinsed  with  use  of  the  wash-bottle  into  a  100  cc.  flask.  To  the 
contents  of  the  flask  are  then  added  twenty  cc.  of  a  five  per  cent, 
solution  of  zinc  sulphate,  and  the  flask  kept  on  a  boiling  water- 
bath  for  about  fifteen  minutes.  The  zinc  sulphate  decomposes 
the  strychnine  ferrocyanide,  zinc  ferrocyanide  isprecipitated,and 
strychnine  sulphate  remains  in  solution.  The  flask  is  then  com- 
pletely cooled,  and  water  enough  added  to  make  100  cc.  Of  this, 
fifty  cc.  representing  again  one  gram  of  the  nux  vomica  but 
deprived  of  the  brucine,  are  then  filtered  off  and  run  out  from 
the  burette  into  a  100  cc.  flask  containing  twenty  cc.  decinormal 
iodine  solution,  and  about  two  cc.  of  dilute  hydrochloric  acid. 
The  amount  of  iodine  consumed  by  the  strychnine  alone  is  then 
determined  as  above.  Let  it  be  b.  Then  b  X  43.9  (100  times 
the  strychnine  factor)  gives  tSe  percentage  of  strychnine,  and 
(a  —  *)  X  51.79  is  the  percentage  of  brucine  in  the  nux  vomica. 

To  test  the  exactness  of  this  method  we  prepared  a  solution 
containing  known  quantities  of  each  of  these  alkaloids  and  deter- 
mined these  by  the  described  method.  The  results  as  can  be 
seen  from  the  following  table  are  fairly  satisfactory,  if  we  con- 
sider the  well-known  difficulties  of  this  separation. 

The  solution  contained  0.16  per  cent,  strychnine  and  0.22  per 
cent,  brucine  (anhydrous). 


Iodine  con- 
sumed by  10 
cc.  before  the 
removal  of 
brucine. 

Iodine  con- 
sumed by  10 
cc.  after  the 

removal  of 
brucine. 

Pound. 
Strych-     Bni- 
nine.         cine. 

Contained. 
Strych-    Bm- 
nine.       dne. 

I  .. 

....   0.0843132 

0.032397 

0.14         0.24 

0.16         0.2a 

2   .. 

. ...   0.0843130 

0.032397 

0.14         0.24 

0.16         0.2a 

Following  is  a  report  of  drugs  which  we  have  so  far  assayed 
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both  gravimetrically  and  iodometrically.  The  factors  are  those 
given  for  the  higher  periodides  in  our  previous  paper.'  For  nux 
vomica  the  mean  factor  was  taken  which  is  equal  to  0.47845 
parts  of  total  alkaloids  for  one  part  iodine  consumed.  For  ipecac 
root  the  factor  0.5453  is  used  which  is  based  upon  the  fact  that, 
as  shown  at  the  end  of  this  paper,  emetine  forms  a  hydriodide 
heptiodide  when  treated  with  excess  of  iodopotassium  iodide. 
Taking  Lefort  ^nd  Wurtz's  formula  for  emetine  we  get 

7  X  126.53  :  482.98  :  :  I  :  factor  =  0.5453. 

The  factors  for  the  drugs  of  the  table  are  as  follows : 

Mean  factor  of  strychnine  and  brncine 0.47845 

Atropine 0.2849 

Bmetine 0.5453 

Nux  Vomica. 


lodometric i 


Quantity-taken 

for  assay.       Iodine  con- 


Percentase  of 
alkaloids. 


Gravimetric 


2 
I 

2 


sumed. 
0.0526816 
0.0526725 


lodometric 1 

2 
Gravimetric  ••••  i 

2 

lodometric i 

2 
Gravimetric  ••••   i 

2 


0.0459179 
0.0459263 


Grams. 
I 
I 
I  • 

I  ♦ 

Bbi«ladonna  Root. 

2.5 
2.5 
2.5 
2.5 

BBI.I.ADONNA  Lbavbs. 

5  0.0478286 

5  0.0475922 

5 
5 
Ipecac  Root. 

2  0.0957764 

2  0.0986633 
2  • 

2  • 


lodo- 
metric. 

2.52 
2.52 


Grav- 
imetric. 


2.73 
2.73 


0.52 
0.52 


0.51 
0.51 


0.27 
0.27 


0.28 
0.28 


2.61 
2.69 


lodometric i 

2 
Gravimetric  '•••  i  2  *  2.63 

22  *  2.62 

*  Alkaloids  shaken  ont  and  weighed. 

Emetine  Octoiodide. 

Emetine  seems  to  form  with  iodine  two  periodides,  according 
to  whether  the  iodine  is  added  to  the  alkaloid  or  vice  versa^  but 
owing  to  the  lack  of  material  we  have  only  isolated  and  analyzed 

1  This  Joamal,  {i8gS),  so,  724. 
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one;  namely,  the  higher  periodide.  The  emetine  used  was 
obtained  from  Merck  &  Co.  The  periodide  was  made  by  pour- 
ing 200  cc.  of  a  solution  of  emetine  in  acidulated  water,  this 
solution  containing  about  half  a  per  cent,  of  the  alkaloid,  into 
about  500  cc.  of  a  solution  which  contained  about  one  per  cent, 
of  iodine  with  one  and  five-tentlvs  per  cent,  of  potassium  iodide, 
and  was  strongly  acidulated  by  hydrochloric  acid.  The  mixture 
was  shaken  till  the  supernatant  liquid  became  perfectly  trans- 
parent, the  precipitate  was  separated  by  means  of  the  pump, 
quickly  washed  with  cold  water  and  then  dried,  first  on  porous 
plates  and  then  in  vacuo  over  sulphuric  acid. 

Thus  obtained  the  periodide  is  a  dark-brown  powder,  hardly 
soluble  in  benzene,  ether,  or  chloroform,  quite  soluble  in  alcohol, 
and  very  soluble  in  a  mixture  of  four  parts  of  alcohol  and  one  of 
chloroform.  The  chloroform  greatly  increases  the  solubility  of 
the  periodide  in  alcohol,  though  chloroform  alone  hardly  dis- 
solves it.  So  far  we  have  not  been  able  to  recrystallize  it.  On 
evaporation  of  the  solvent  a  viscous  mass  is  generally  left. 
Authorities  differ  with  regard  to  the  formula  of  emetine,  as 
follows : 

Lefort  and  Wurtz,'  C„H„N,0,  =  482.98 

Glenard,'  C„H,,N,0,  =  4949^ 

Kunz,'  C„H„N,0,  =  506.92 

Paul  and  Cownly/  C,,H„NO,  =  247.48 

Our  periodide  corresponds  best  to  the  formula  of  Lefort  and 
Wurtz.  It  seems  to  be  an  emetine  hydriodide  heptiodide, 
C„H,oNA.HI.I,. 

For  the  estimation  of  the  additive  iodine  the  periodide  is  dis- 
solved in  chloroform  mixed  with  alcohol  and  titrated  with 
standardized  sodium  thiosulphate  using  starch  as  indicator.  It 
s  best  to  add  first  an  excess  of  the  thiosulphate  solution,  then 
add  considerable  water,  when  the  excess  is  titrated  back  with 
standardized  iodine.  For  the  total  iodine  the  periodide  is  dis- 
solved in  a  little  chloroform  mixed  with  a  few  drops  of  alcohol; 
powdered  zinc  is  then  added  and  the  mixture  kept  on  a  water- 
bath  till  effervescence  (from  the  action  of  zinc  on  the  chloroform) 

1  Ann,  cktm.phys.  (5),  11,  347. 

»/*ia.  (5),  1.  213. 

t  Arch.  d.  Fharm.^  195  (/X97),  461 ;  93a  (/^),  466. 

4  Fkarm,J,,  (3),  94,  61. 


RAPID  DETERMINATION  OF  TUNGSTEN   IN  STEEI*.        239 

ceases.  To  the  mixture,  when  cold,  ammonia  water  is  added, 
and  the  iodine  in  the  zinc  and  ammonium  iodide  is  estimated 
exactly  as  described  in  the  analysis  of  morphine  tetraiodide.' 

For  additive    iodine  0.1492  gram    of   the    periodide    gave 
0.0880045  gram  iodine,  and  0.122  gram  gave  0.0727250  gram 

^^^^^'  calculated  for 

CsiH4«NsO»,HI.Iy.      Found. 

I 59.24  59-98 

2 59.24  59-61 

For  total  iodine  0.1313  gram  of  the  periodide  gave  0.0890502 
gram  iodine,  and  0.12095  gram  gave  0.0818797  gram  iodine. 

Calculated  for 
C«»H4oN,Oft.HI.lT.  Pound. 

I 67.69  67.82 

2 67.69  67.69 

Cbbmical  Laboratory  op  thb 
Univbrsitt  op  Michigan, 
November  6, 1898. 

NOTES  ON  THE  RAPID  DETERMINATION  OF  TUNG- 
STEN IN  STEEL.' 

By  Qborob  auchy. 

Recelred  November  3,  ilgB. 

THE  rapid  method  of  determining  tungsten  in  steel,  generally 
in  use  and  described  in  Blair's  ''Chemical  Analysis  of 
Iron,"  is  as  follows:  Solution  of  the  steel  in  aqua  regia ;  evapo- 
ration to  dryness;  re-solution  in  strong  hydrofluoric  acid  contain- 
ing a  little  strong  nitric  acid;  dilution  and  boiling;  filtration  and 
ignition  of  the  tungstic  oxide  contaminated  with  silica  and  ferric 
oxide ;  elimination  of  the  silica  by  hydrofluoric  acid  ;  ignition 
and  weighing  of  the  tungstic  acid  and  ferric  oxide  ;  fusion  with 
sodium  carbonate  ;  solution  and  filtration  to  determine  the  fer- 
ric oxide.  If  in  this  method  the  final  steps — the  fusion  with 
sodium  carbonate  and  the  determination  of  the  ferric  oxide — 
could  be  dispensed  with,  evidently  a  very  considerable  saving  of 
time  and  trouble  in  the  performance  of  the  method  would  be 
made ;  and  it  has  doubtless  been  observed  by  many  members  of 
the  society  having  occasion  to  make  tungsten  determinations  in 
steel,  that  within  the  range  of  their  experience  the  ferric  oxide 
thus  carried  down  with  the  tungstic  acid  is  constant  in  amount 
or  nearly  so.  If  this  uniformity  exists  in  all  steels  containing 
every  percentage  of  tungsten,  of  course,  the  determination  of 

1  This  Journal,  1898,  90, 717. 

s  Read  by  title  before  the  New  York  meetiug  of  the  American  Chemical  Society, 
December  aS,  1898. 
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this  ferric  oxide  contamination  in  every  particular  instance  is 
unnecessary.  One  of  the  objects  of  this  paper  is  to  suggest  that  if 
members  of  the  society  having  to  do  with  tungsten  in  steel, 
would  gather  from  their  note-books,  and  publish  the  data 
representing  the  amounts  of  ferric  oxide  found  contaminating 
their  tungstic  acid  precipitates,  the  uniformity  of  these  ferric 
oxide  contaminations  would  no  doubt  be  shown  and  result  in 
the  improvement  of  the  method.  The  writer's  own  experience 
is  confined  to  steels  containing  0.20  per  cent,  to  1.75  per  cent, 
tungsten,  and  indicates  that  the  ferric  oxide  contamination  is 
always  practically  the  same  Within  those  limits,  and  that  the 
amount,  with  four  grams  steel'  taken  for  analysis  and  with  varj'- 
ing  amounts  of  acid  present  in  solution,  is  about  0.03  per  cent, 
in  terms  of  tungsten.    Results  follow  : 


Five  cc.  Prbb  Hydrochloric  Acid  Prbsbnt  in  Solution. 

Tungsten. 

Ferric  oxide  in  terms  of  tungf  ten 

No. 

Per  cent. 

Per  cent 

70 

I.IIO 

0.036 

504 

0.230 

0.022 

137 

I.710 

0.032 

58s 

0.250 

0.022 

352 

0.428 

0.016 

586 

0.255 

0.022 

353 

0.434 

0.022 

587 

0.350 

0.022 

49 

1.230 

0.032 

588 

0.375 

0.026 

51 

1.240 

0.034 

589 

0.260 

0.028 

52 

1.240 

0.028 

590 

0.335 

0.027 

154 

1. 160 

0.028 

591 

0.310 

0.022 

346 

0.482 

0.024 

352 

0.442 

0.020 

353 

0.434 

0.020 

363 

0.466 

0.020 

364 

0.444 

0.020 

154 

1.090 

0.036 

380 

0.428 

0.028 

411 

0.430 

0.026 

412 

0.400 

0.022 

179 

1.250 

0.028 

^  3<9^  grams.    Weight  of  WO^  multiplied  by  twenty  gives  percentage  of  tungsten 
in  the  steel. 
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Tbn  cc.  Prbb  Hydrochi«oric  Acid  Prbsbnt  in  Solution. 

No. 

Tungsten. 
Per  cent. 

Pcrric  oxide  in  terms  of  tunfftteo. 
Per  cent. 

179 

1.25 

0.028 

49 

1.35 

0.028 

51 

1.25 

0.030 

52 

1.27 

0.030 

70 

1. 00 

0.028 

137 

1.65 

0.032 

154 

1. 10 

0.034 

179 

1.22 

0.042 

70 

1.08 

0.022 

352 

0.384 

0.020 

353 

0.396 

0.020 

70 

1. 100 

0.026 

179 

1.230 

0.026 

352 

Q-396 

0.028 

353 

0.390 

0.030 

More  accurately  speaking,  the  amount  of  ferric  oxide  contam- 
ination lies  between  0.02  and  0.03  per  cent,  for  the  lower  per- 
centages of  tungsten  and  between  0.03  and  0.04  per  cent,  in  steels 
containing  from  i.oo  to  2.00  per  cent,  tungsten.  In  these  tests 
the  ferric  oxide  in  the  sodium  carbonate  used  for  fusion  was 
found  and  deducted.  Also  regard  was  had  for  the  fact  that  the 
weight  of  the  crucible  is  sometimes  slightly  affected  by  the 
fusion. 

Professor  Arnold  in  his  **  Steel  Works  Analysis"  directs  that 
the  tungstic  acid  be  washed  with  very  dilute  hydrochloric  acid 
till  quite  free  from  iron ;  and  omits  the  sodium  carbonate  fusion 
for  the  determination  of  the  iron.  In  the  above  tests  the  tung. 
Stic  acid  precipitates  were  washed  seven  times  with  hot  hydro- 
chloric acid  (i :  20)  and  three  times  with  alcohol  (1:4)  filling 
the  filter  eacfi  time.  In  one  case  only  o.io  per  cent,  tung- 
sten Carried  down  0.012  per  cent,  ferric  oxide,  in  terms  of  tung- 
sten, not  washed  out  by  this  procedure. 

The  determination  of  silicon  in  tungsten  steels  is  most  conve- 
niently made  along  with  that  of  the  tungsten. 

PRECAUTIONS  IN  TUNGSTEN   DETERMINATIONS. 

Authorities  do  not  agree  in  considering  the  completeness 
of  the  tungstic  acid  separation  to  be  affected  by  the  acidity  of 
the  liquid  from  which  it  separates.     For  instance,   in   Blair's 
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** Chemical  Analysis  of  Iron,"  the  dr}*^  residue  after  the  dehydra- 
tion of  the  silica  is  directed  to  be  taken  up  with  an  amount  of  strongs 
hydrochloric  acid  sufficient  for  the  purpose  (about  forty  cc.  for  four 
grams  steel,  and  ten  cc.  for  one  gram) ,  and  then,  without  any  pre- 
vious evaporation  or  neutralization,  diluted,  boiled,  and  filtered. 
In  Arnold's ' '  Steel  Works  Analysis, ' '  on  the  contrary^ the  liquid  is 
directed  to  be  evaporated  to  a  bulk  of  five  cc.  before  dilution  and 
filtration .  Another  point  that  does  not  seem  to  be  generally  appre- 
ciated is  that  evaporation  to  dryness  and  dehydration  of  silica 
from  nitric  acid  solution  does  not  always  cause  complete  separa- 
tion of  the  tungstic  acid,  although  such  an  evaporation  and  dehy- 
dration from  hydrochloric  acid  solution  will  separate  all  the 
tungstic  acid.  In  Blair's  description  of  the  standard  method 
the  evaporation  and  dehydration  is  made  in  nitric  acid  solution.' 
In  Arnold's  method  the  evaporation  and  dehydration  from  nitric 
acid  solution  is  also  made,  but  is  followed  by  a  second  evapora- 
tion to  dryness  from  hydrochloric  acid  solution,  the  explanation 
being  made  that  several  evaporations  to  complete  dryness  are 
necessary  to  insure  the  complete  separation  of  the  tungstic  acid 
on  account  of  its  solubility  in  hydrochloric  acid. 

With  regard  to  these  two  points  it  is  the  writer's  experience  that 
this  completeness  of  the  tungstic  acid  separation  is  dependent  upon 
the  smallness  of  the  amount  of  acid  present  in  the  liquid  ;  and  fre- 
quently also  upon  whether  the  previous  evaporation  and  dehydra- 
tion has  been  made  from  nitric  or  from  hydrochloric  acid  solution. 
The  amouni  of  acid  in  the  liquid  from  which  the  tungstic  acid  is 
filtered  should  be  as  little  as  possible  ;  and  the  preceding  evap- 
oration to  dryness  and  dehydration  of  silica  should  be  made  in 
hydrochloric  and  not  in  nitric  acid  solution,  in  which  case  only 
one  such  evaporation  to  complete  dryness  is  necessary.  The  best 
procedure  seems  to  be  :  Solution  of  the  steel  in  dilute  nitric  acid 
(taking  four  grams  of  the  steel);  evaporation ' to  first  appear- 
ance of  a  spum  on  the  surface  of  the  liquid  ;  addition  of  thirty  to 
forty  cc.  strong  hydrochloric  acid ;  evaporation  to  dryness  and 
heating  on  the  hot  plate;  re-solution  in  forty  cc.  strong  hydrochloric 
acid  ;  evaporation  to  first  appearance  of  scum  ;  taking  up  with 
five  cc.  strong  hydrochloric  acid  diluted  to  twenty  cc.  with  water, 

1  In  his  rapid  method  the  evaporation  and  dehydration  !ii  made  from  agua  rtgia  sola- 
tion. 
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and  heating  ;  addition  of  twenty-five  to  thirty  cc.  of  hot  water ; 
and  filtration. 

The  failure  of  a  complete  separation  of  tungstic  acid  by  evap- 
oration to  dryness  from  nitric  acid  solution  is  perhaps  due  to  the 
absence  of  aqua  regia — aqua  regia  perhaps  being  necessary  to  a 
complete  oxidation  to  tungstic  acid.  Blair,  in  fact,  in  his  rapid 
method,  dissolves  the  steel  in  aqua  regia,  and  also  takes  up  the 
dry  residue  with  aqua  regia  containing,  however,  an  unusual  pro- 
portion of  hydrochloric  acid.  But  this  theory  is  rather  discred- 
ited by  the  fact  that  in  Arnold's  process  no  aqua  regia  is  formed, 
the  heating  for  the  dehydration  of  the  silica  being  carried  to  the 
point  of  decomposition  of  nitrates,  and  yet  all  the  tungsten  is 
obtained. 

The  following  results  illustrate  the  necessity  for  the  two  pre- 
cautions just  considered. 

%o  cc.  HCl  present.*        40  cc.  HC1  present. 
5  cc.  flCl  present         Total  bulk  100  cc.  Totsl  bulk  xoo  cc. 

Total  bulk  50  cc.     Boiled  before  filtration.  Boiled  before  filtration . 
Tungsten.  Tungsten.  Tungsten. 

No  Percent.  Percent.  Percent. 

70  I.  XI  1. 10  1.05 

137  I.7I  1.67  1.59 

352  {°:^l  0.396  0.290 

353  {0:^3^  0390  0.320 

49  {1:^  i.^ 

51  1.34  1.25  .•.. 

154  1. 16  1.09  .... 

In  the  above  tests  the  filtrates  from  the  tungstic  acid  of  the 
first  column  of  results  were  tested  for  tungstic  acid  by  evapora- 
tion to  complete  dryness  with  aqua  regia.  None  was  found  in 
any  test.  In  the  above  tests,  the  evaporations  to  dryness  and  the 
dehydrations  of  the  silica  were  all  made  from  hydrochloric  acid 
solutions ;  but  in  the  following  determinations  they  were  made 
from  nitric  acid  solutions. 
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No. 
70 

353 
70 

137 
154 
179 


Tungsten  present 
Per  cent. 

Tungsten  found. 

Per  cent. 

I.ZI 

1.08 

1.26 

115 

0.440 

0.384 

0.434 

0.396 

I. II 

I.OO 

I.71 

1.65 

I.x6 

1. 10 

1.26 

1.22 

No. 

Per  cen 

70    . 

1. 10 

179 

«37 

\.U 

352 

0.396 

353 

0.390 

70 

1. 10 

154 

1.09 

179 

1.23 

But  ten  cc.  hydrochloric  acid  instead  of  five  cc.  were  present 
in  the  solution  ;  and  the  lowness  of  the  results  may  have  been 
partly  due  to  that  fact.  Comparing  results  obtained  under  like 
conditions  as  regards  the  amount  of  acid  present  we  have  : 

ID  CC.  HCl  present  10  cc.  HCl  present. 

Evaporation  and  dehy-         Evaporation  and  dehy- 
dration from  HCl  solution,  dratiou  from  HNO|  solution. 
Tungsten.  Tungsten. 

Per  cent 

1.08 

1. 15 
1.65 

0.384 
0.396 
I.OO 

1. 10 

1.22 

In  No.  79  the  filtrate  from  the  tungstic  acid  (1.15  per  cent, 
tungsten)  was  found  to  contain  o.io  per  cent,  tungsten. 

Phosphorus  in  Tungsten  Steels. 

In  Arnold's  ** Steel  Works  Analysis**  the  operator  is  directed  to 
separate  and  filter  tungstic  acid  before  determining  phosphorus. 
In  Blair's  ^'Chemical  Analysis  of  Iron**  this  is  not  specified  and  it 
is  therefore,  perhaps,  to  be  inferred  that  phosphorus  is  to  be 
determined  as  usual.  The  following  tests  were  made,  using 
the  volumetric  method : 

P  carried  down 

by  the  tungrstic 

acid  in  the 

first  column 

of  results. 

Per  cent 

0.0007 
0.0007 
0.0007 
0.0009 


No. 

154 
«79 

70 

70 

70 

70 

154 

179 

179 


P  after 

separating 

and  flUerinff 

tungstic  acia. 

Per  cent. 

aoi6 
0.025 
0.017 
o.oao 
0.017 
0.017 
aoi7 
0.016 
0.025 
o.oaa 


P  as  usual; 
yellow  precipitate 
lan 


precipi 

stood  less  tni 

a|  hours. 

Per  cent 


O.OI7 

aoao 
0.018 

0.02J 

0.018 
0.016 
0.018 
0.018 
0.025 
0.024 


P  as  usual; 

yellow 

precipitate 

stood  over  night. 

Per  cent 


0.029 
0.024 


0,032 


ABSORPTION  OF  MBTHANB  AND  BTHANB.  245 

This  indicates  that  in  very  low  phosphorus  steels  at  least,  the 
determination  may  be  made  as  usual,  provided  the  yellow  pre- 
cipitate is  not  allowed  to  stand  more  than  two  and  one-half 
hours.  Also  in  neutralizing  with  ammonia,  no  excess  must  be 
used  or  tungstic  acid  will  precipitate  with  the  ferric  oxide  and 
remain  undissolved  by  the  nitric  acid  added  to  clear  the  solu- 
tion.    But  the  tendency  seems  to  be  toward  higher  results. 

Ferrotnngsten 

is  usually  analyzed  by  roasting,  followed  by  solution,  filtra- 
tion, fusion,  and  evaporation  with  acid.  The  writer,  with  a 
sample  containing  35.25  per  cent,  tungsten,  obtained  low 
results  by  this  method  (twenty-nine  and  thirty  per  cent.),  doubt- 
less because  only  a  single  fusion  was  made,  but  had  no  difficulty 
when  using  the  same  method  as  for  tungsten  steels,  except  that 
aqua  regia  was  used  for  a  solvent.^  The  ferrotungsten  appar- 
ently could  not  be  completely  decomposed  by  this  means.  A 
bright  metallic  residue  was  left,  consisting,  however,  of  almost 
pure  tungsten,  and  readily  oxidizing  to  tungstic  oxide  by  igni- 
tion after  filtration.  In  this  procedure  the  preparatory  roasting 
of  the  ferrotungsten  is,  of  course,  unnecessary.  The  ferric 
oxide  and  other  contamination  seems  to  be  variable  ;  in  nine 
determinations  of  five  different  ferrotungstens,  it  ranged  from 
0.28  per  cent,  to  1.60  per  cent. 

Laboratory  of  tbr  Krtstonb  Saw  Works, 
Philadelphia .  Pa. 


[Contributions  from  thb  Cbbmicai,  Laboratory  op  Purdub 

University.] 

THB  ABSORPTION  OP  METHANE  AND  ETHANE  BY 

PUMINO  SULPHURIC  ACID.' 

Bt  R.  a.  W0R8TALL. 
Reoeired  Octob«r  xj,  tSgl. 

APPARENTLY  one  of  the  most  firmly  established  facts  has 
been  that  marsh-gas  and  its  homologues  are  not  acted  upon 
either  by  faming  nitric  or  by  fuming  sulphuric  acids.  The 
indifference  of  methane  and  ethane  to  all  reagents,  especially  to 

1  Tlie  metal  being  treated  first  with  sttong  nitric  acid  and  heated,  and  the  strong 
hydrochloric  acid  then  added  by  degrees. 

s  Read'by  tiUe.belore  the  New  York  meeting  of  the  American  Chemical  Society, 
December  a6. 1898. 
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fuming  sulphuric  acid,  has  been  generally  accepted  as  a  fact 
and  made  a  basis  for  the  separation  of  the  saturated  from  the 
unsaturated  hj'drocarbons  in  gas  mixtures.  Hempel,  in  his 
well-known  book  on  gas  analysis,  states  that  no  absorbent  for 
methane  is  known  ;  and  a  statement  credited  to  Kolbe,  and 
widely  quoted,  is  to  the  effect  that  a  mixture  of  fumic  nitric  and 
fuming  sulphuric  acids  is  without  action  on  methane  even  at 
150"  C. 

Apparently  there  has  been  but  one  observed  instance  of  the 
absorption  of  a  gaseous  paraffin  by  fuming  sulphuric  acid.  Om- 
dorff  and  Young'  found  that  propane  made  from  isopropyl  iodide 
by  the  copper- zinc  couple  was  slowly  soluble  in  cold  fuming  sul- 
phuric acid,  the  absorption  amounting  to  over  fifty  per  cent,  in 
fifteen  days,  the  acid  taking  a  deep  red  color.  In  a  former  com- 
munication* I  have  shown  that  the  higher  members  of  the  marsh- 
gas  series  are  acted  upon  by  fuming  sulphuric  acid,  the  products 
being  true  sulphonic  acids.  The  peculiar  fact  brought  out  dur- 
ing this  work  that  each  hydrocarbon  sulphonated  at  its  boiling- 
point,  suggested  the  idea  that  the  gaseous  members  of  the  series 
would  be  soluble  in  cold  fuming  sulphuric  acid,  and  this  has 
been  found  to  be  the  case. 

METHANE. 

I .  From  Methyl  Iodide. — The  methane  employed  in  the  first  se- 
ries of  experiments  was  made  from  pure  methyl  iodide  by  the  cop- 
per-zinc couple  of  Gladstone  and  Tribe.'  The  gas  produced  by  the 
reaction  was  washed  by  passing  through  fuming  sulphuric  acid 
and  was  then  allowed  to  stand  over  fuming  sulphuric  acid  for  three 
hours  to  free  it  of  alcohol  vapors.  A  portion  was  then  measured 
off  with  the  measuring  burette  and  the  absorption  determined 
by  passing  it  into  the  usual  glass  bead  absorption  pipette,  filled 
with  fresh  fuming  sulphuric  acid. 

In  using  this  apparatus  it  is  easy  to  so  manipulate  that  after 
the  gas  has  all  been  transferred  to  the  absorption  pipette,  the 
bend  in  the  capillary  tube  of  the  latter  shall  be  filled  with  the 
acid,  thus  forming  an  effectual  seal  which  prevents  the  gas  from 
coming  in  contact  with  rubber  connections.     These  rubber  con- 

"^  Am,  Chem.  /.,  15,  261 
^  Am.  Chem.  /.,  ao,  664. 
*y.  Chem.  Soc.,  1884,  154. 
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nections  were  renewed  frequently  and  the  apparatus  frequently 
tested  for  leaks  with  measured  quantities  of  air.  Two  different 
absorption  pipettes  were  used  and  any  errors  from  leakage  are 
highly  improbable.  The  gas  was  each  time  run  into  a  caustic 
potash  pipette  before  a  reading  was  made,  in  order  to  remove  all 
add  vapors. 
The  data  obtained  in  the  first  series  are  as  follows  : 

Time  between  Observed  Loss.  I^oss. 

readiosrs.  volume.  cc.  Per  cent. 

cc. 


••«•  .... 


o  84.5 

50  min 84.4  0.1  0.12 

4  hours 79.0  5.4  6.39 

2     "      77.3  1-7  2.01 

12     " 74.0  3-3  3-90 

24     "      ^ 67.2  6.8  8.04 

5  days 56.2  I i.o  i.^.oi 

1  day 54.0  2.2  2.60 

2  days 49.9  4. 1  4.85 

I  day 46.1  3.8  4.48 

II  days  38.4  45-40 

The  residue  of  46.1  .cc.  was  sealed  into  the  pipette  and  allowed 
to  stand  over  the  fuming  sulphuric  acid  during  the  three  summer 
months.  At  the  end  of  that  time  it  had  lost  22.2  cc,  the  residue 
amounting  to  only  23.9  cc.  of  the  original  84.5  cc. — a  total  loss 
of  71.7  percent.  The  color  of  the  acid  had  changed  from  a 
light  straw  to  a  cherry-red  and  the  absorption  was  still  going  on. 

A  comparison  of  the  absorption  figures  in  the  above  and  in 
the  following  table  shows  apparent  irregularities  and  discrepan- 
cies in  the  absorption  at  different  periods  for  the  same  interval 
of  time.  This  is  easily  accounted  for  by  the  variation  in  the 
barometer  and  thermometer  on  these  different  days,  and  for 
which  variations  no  corrections  were  made  when  volumes  were 
read,  while  the  fact  that  the  methane  from  methyl  iodide 
shows  a  larger  average  daily  absorption  than  that  from  natural 
gas  is  doubtless  largely  due  to  the  much  hotter  weather  prevail- 
ing during  the  former  tests. 

2.  From  Natural  Gas, — The  experiments  with  methane  were 
repeated,  using  natural  gas  as  the  source  of  methane.  The 
natural  gas  is  piped  to  I^afayette  from  eastern  Indiana,  and 
analyzed  as  follows : 
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Per  cent. 

Hydrogen  sulphide  and  carbon  dioxide    1.80 

Oxygen 0.70 

Heavy  hydrocarbons 0.50 

Carbon  monoxide 0.60 

Hy  d  roge  n 0,55 

Nitrogen 3.80 

Methane 92.05 

•  ^_^_^__^^^^^ 

100.00 

In  a  recent  article  by  Prof.  Phillips,*  attention  was  called  to 
the  occurrence  of  hydrogen  sulphide  in  a  Canadian  natural  gas. 
This  Indiana  natural  gas  also  contains  large  quantities  of  hydro- 
gen sulphide,  sufficient  to  give  a  pronounced  odor  to  the  gas  and 
to  rapidly  precipitate  a  solution  of  lead  acetate. 

About  1 10  cc.  of  this  natural  gas  were  measured  off  and  all 
constituents  save  nitrogen  and  methane  removed  by  the  ordinary 
method  of  gas  analysis,  using  palladium  sponge  to  remove  hydro- 
gen. The  residue  therefore  consisted  of  ninety-six  per  cent, 
methane  and  four  per  cent,  nitrogen. 

The  absorption  was  carried  out  as  before  described  with  the 
following  results : 

Time  between  Observed  volume.  I.oca. 

readings.  cc.  Per  cent. 

O  • • 100.00  •  •  •  • 

16  hours 98.5  1.5 

7       *'     98.0  0.5 

I  day 95.5  2.5 


(I 
II 
11 
II 
II 
II 
11 
II 
11 
It 
II 
II 
(i 
ii 
II 


94.0  1.5 

92.6  1.4 
90.9  1.7 

90.1  0.8 

89.5  0.6 
88.4  I.I 

88.1  0.3 

86.7  1.4 

85.4  1.3 

83.6  1.8 

82.5  1.5 

82.2  0.3 

80.8  1.4 

77.5  3.3 

75.7  J-8 


17  days  24.3 

^  This  Journal,  aq,  696. 
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That  is,  after  remaining  in  contact  with  the  fuming  acid  for 
seventeen  days,  a  loss  of  24.3  per  cent,  resulted, — an  average 
daily  absorption  of  one  and  four-tenths  per  cent.  The  residue 
was  then  sealed  into  the  absorption  pipette  and  allowed  to  stand 
three  months  during  the  winter.  At  the  end  of  that  time  the 
total  absorption  amounted  to  30.9  per  cent. 

ETHANE. 

The  ethane  employed  was  made  from  pure  ethyl  iodide  by  the 
copper-zinc  couple,  washed  by  passing  through  fuming  sulphuric 
acid,  and  was  then  allowed  to  stand  for  eighteen  hours  over 
fuming  sulphuric  acid  to  free  it  of  all  alcohol  vapors.  The 
absorption  was  carried  out  in  the  manner  described  for  methane 
with  the  following  results  : 

Observed 

Time  between  volume.  Loisa.  Loss. 

readings.  cc.  cc.  Percent. 

o      95*^  ....  .... 

iday 91.3  3.7  3.89 

••       84.7  6.6  6.95 

"      79-5  5-2  5.47 

"      75.8  3.7  3.89 

"      70.2  5.6  5.89 

"      65.0  5.2  5.47 

**      61. 1  3.9  4.10 

*•      57.3  3-8  4.00 

'*      ••••  53-2  4.1  4.32 

"      48.2  5.0  5.26 

**  430  5.2  5.47 

"  39-5  3-5  3-68 

"  36.2  3-3  3-47 

'*  32.0  4.2  4.42 

*•  28.0  4.0  4.21 

15  days  67.0  70.5 

In  fifteen  days,  therefore,  the  absorption  of  ethane  amounted 
to  70.5  per  cent., — an  average  daily  absorption  of  4.7  per  cent. 
The  residue  was  sealed  into  the  pipette  and  allowed  to  remain  in 
contact  with  the  fuming  acid  for  three  months.  At  the  end  of 
that  time  the  total  absorption  amounted  tp  88.3  per.  cent. 
As  may  be  seen  by  comparison,  the  absorption  of  ethane  is  much 
more  rapid  than  that  of  methane.  Some  oxidation  results  dur- 
ing this  absorption,  as  carbon  dioxide  and  sulphur  dioxide  are 
always  produced.  From  the  change  in  color  of  the  acid  it  is 
probable  that  a  sulphonic  acid  is  also  formed. 
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These  results,  establishing  as  they  do  the  fact  that  methane 
and  ethane  are  soluble  in  fuming  sulphuric  acid,  are  not  without 
importance  in  their  bearing  toward  gas  analysis.  A  number  of 
experiments  were  tried  to  determine  the  amount  of  absorption  of 
each  gas  that  took  place  in  short  intervals  of  time.  After 
twenty-five  per  cent,  of  the  methane  obtained  from  natural  gas 
had  been  absorbed,  the  residue  was  tested  by  measuring  its 
absorption  each  hour.  The  results  showed  this  absorption  to  be 
very  slight,  less  than  one-tenth  cc,  per  hour.  In  the  case  of 
ethane,  however,  after  over  sixty  per  cent,  had  been  absorbed, 
a  similar  series  of  experiments  gave  an  average  hourly  absorp- 
tion of  0.25  cc.  equivalent  to  0.60  per  cent,  of  the  ethane  present. 

In  ordinary  technical  gas  analysis,  therefore,  when  the  gas 
contains  methane  but  no  ethane,  the  absorption  in  the  fuming 
sulphuric  acid  could  be  allowed  to  continue  for  an  hour  if  neces- 
sary without  much  danger  of  serious  error.  But  if  ethane  is 
present,  fifteen  minutes  is  the  probable  maximum  of  safety, 
and  in  any  case  the  safest  course  to  follow,  especially  in  the 
case  of  an  unknown  gas,  would  be  to  shorten  the  time  of  contact 
with  fuming  sulphuric  acid  to  the  lowest  possible  limit. 

Lafaybttb,  Ind.,  October,  1898. 
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THE  VELOCITY  OF  THE  REACTION  BETWEEN  SILVER 
ACETATE  AND  SODIUM  FORflATE.     A  REAC- 
TION OF  THE  THIRD  ORDER.' 

By  Arthur  A.  Noybs  and  Georob  T.  Cottle. 

Received  October  98, 1898. 

I.     OBJECT  OF  THE  INVESTIGATION. 

THE  investigations  hitherto  made  of  the  velocities  of  those 
reactions  in  which  two  or  more  molecules  of  a  substance 
enter  have  not  yielded  results  of  a  general  character.  In  many 
cases  the  velocity  has  been  found  proportional  simply  to  the  con- 
centration of  the  substance,  while  in  others  it  has  been  found 
proportional  to  that  power  of  its  concentration  which  corresponds 
to  the  number  of  its  molecules  entering  into  the  reaction,  as  the- 
oretical considerations  would  appear  to  demand.     Thus,  for  ex- 

1  Read  before  the  Boston  meeting  of  the  American  Chemicaf  Society,  August  23,  1898. 
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ample,  the  reactions  between  iron  s^lts  and  potassium  chlorate,' 
between  hydrogen  peroxide  and  potassium  iodide*,  and  between 
potassium  bromate  and  potassium  iodide',  in  the  presence  of  an 
excess  of  acid,  are  all  simple  reactions  of  the  second  order, 
although  three  or  more  molecules  take  ^  part  in  the  chemical 
change.  In  two  cases,  on  the  other  hand,  have  the  number  of 
reacting  molecules  shown  their  influence;  namely,  that  of  the 
polymerization  of  cyanic  acid,'  and  that  oi  the  reaction  between 
stannous  chloride  and  ferric  chloride,^  both  of  which,  in  corre- 
spondence with  the  number  of  reacting  molecules,  follow  the  law 
of  the  third  order. 

Further  investigations  of  such  reactions  are  therefore  neces- 
sary. A  new,  and,  it  would  seem,  a  suitable,  example  is  the 
reaction  between  silver  acetate  and  sodium  formate,  and  we  have, 
therefore,  measured  its  velocity.  The  reaction  is  expressed  by 
the  following  equation : 

2AgC,H,0,  +  HCO.Na  =  2  Ag  +  CO,  +  HC.H.O,  +  NaC,H,0, 
or,  more  correctly,  according  to  the  dissociation  theory  : 

2Ag  +  HCO,  =  2Ag  +  CO.  +  K. 

Thus  it  is  a  simple  trimolecular  reaction  and  should  apparently 
follow  the  law  of  the  third  order,  if  any  such  reaction  does  so. 
We  have  selected  a  salt  of  formic  acid  in  place  of  the  acid  itself 
and  a  silver  salt  of  a  very  weak  acid,  in  order  to  eliminate  as 
far  as  possible  the  catalytic  effect  of  the  hydrogen  ions. 

II.   DESCRIPTION  OF  THE  EXPERIMENTS. 

The  sodium  formate  and  the  silver  acetate  used  were  prepared 
by  recrysta^ia^ng  the  commercial  salts,  their  purity  being  assured 
by  qualitative  tests.  An  exactly  normal  solution  of  the  first, 
and  a  nineteenth  normal  of  the  second  were  made.  The  strength 
of  the  former  solution  was  determined  by  addition  of  hydro- 
chloric acid  to  a  known  amount  in  a  platinum  dish,  evaporating 
to  dryness,  and  weighing  the  residue  ;  that  of  the  latter  by  ti- 
tration with  potassium  thiocyanate. 

1  Hood  :  FkH.  Mag.,  (5),  6,  371;  8,  lai ;  so,  323 ;  Noyes  and  ^ason:  Ztsckr.phyt.  Chem.^ 
at,  310. 

s  Noyes  and  Scott :  Ztschr.  phys.  Chem.,  1%,  118. 

•  Vant  Hoff :  Etudes  de  Dynamique  Chimique,  S.  90. 

<  Noyes  :  ZUchr.phys.  Ckem,,  z6,  546. 
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As  the  velocity  of  the  reaction  is  very  small  at  ordinary  tem- 
peratures, we  carried  on  the  experiments  at  100**.  For  this  pur- 
pose we  constructed  a  steam  thermostat  out  of  a  cylindrical  tin 
can.  In  the  cover,  before  it  was  soldered  on,  were  cut  one  small 
hole,  for  a  ball  condenser,  and  five  large  holes,  two  inches  in 
diameter,  provided  with  quarter-inch  tin  collars  covered  with 
rubber  tubing.  In  these  were  then  placed  large  225  cc.  test- 
tubes  containing  the  measured  amounts  of  silver  acetate  solution 
and  of  water.  In  the  cases  where  the  concentration  of  the  silver 
solution  was  o.ioo  normal,  solid  silver  acetate  was  weighed 
diiectly  into  the  tube  and  the  necessary  amount  of  water  added, 
as  so  strong  a  solution  of  the  salt  cannot  be  prepared  in  the  cold. 
Each  of  the  large  tubes  was  then  fitted  with  a  cork  through 
which  were  passed  a  small  twenty-five  cc.  test-tube  containing  the 
required  amount  of  formate  solution  and  of  water,  a  thermometer, 
an  efficient  glass  stirrer,  and  tubes  for  blowing  out  samples.  The 
water  in  the  bottom  of  the  thermostat  was  kept  boiling  constantly, 
and  when  the  temperature  of  the  solution  had  become  quite  con- 
stant, the  bottom  of  the  small  tube  was  broken  by  a  glass  rod, 
the  two  solutions  immediately  mixed  by  violent  stirring,  and  the 
time  (to  the  second)  noted.  At  definite  moments  samples  of  the 
mixture  were  blown  out  into  measured  amounts  of  ice-cold  stand- 
ardized potassium  thiocyanate  solution,  thus  instantly  stopping 
the  reaction.  As  the  flasks  containing  the  thiocyanate  were 
weighed  before  and  after  addition  of  the  sample,  the  amount  of  the 
latter  was  easily  determined.  The  end-point  was  then  deter- 
mined after  filtration  by  titration  with  silver  nitrate  and  potas- 
sium thiocyanate  solutions,  using  ferric  alum  is  an  indicator. 
Thus  the  silver  content  of  the  mixture  and  the^jJlrogress  of  the 
reaction  were  ascertained. 

III.    EXPERIMENTAL  RESULTS  AND  VELOCITY  CONSTANTS. 

The  results  of  the  experiments  and  the  calculated  velocity- 
constants  are  found  in  the  following  tables.  All  experiments 
were  carried  out  at  the  temperature  of  water  boiling  under  atmos- 
pheric pressure.  A  expresses  the  original  concentration  of  the 
sodium  formate,  and  B  that  of  the  acetate.  Under  /  are  found 
the  time  in  minutes  reckoned  from  the  moment  of  mixing.  Under 
(B — x)^  and  {B — x)^  are  given  the  concentrations  of  the  silver 
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acetate  found  in  two  separate  experiments  after  the  time  /,  and 
under  B—x  will  be  found  the  average  of  these  results.  Under  C, 
and  C,  are  given  the  constants  of  the  second  and  of  the  third 
order  respectively  which  occur  in  the  equations  : 

^=  C,{A''X){B—x)  and 

They  are  calculated,  of  course,  from  the  corresponding  inte- 
grated equations.'  At  the  foot  of  each  column  of  the  C,  values,  is 
given  the  value,  obtained  by  interpolation,  corresponding  to  the 
time  when  the  reaction  is  one-half  completed.  Under  each  col- 
umn of  C,  values,  the  mean  of  the  same  is  given. 

First  Series. 
^=0.100;  ^=0.100. 

2  0,06694      0.06694  2.57  30.8 

4  0.05334     0.05334  2.19  31.3 

6  0.04684     0.04684  1.89  29.6 

9  0.03784     0.03784  1.83  33.3 

14     0.03235     0.03235     1.61     30.6 

2.05     31. 1 

Second  Series.  ' 

A  =0.100;  ^=0.050. 

2  0.03774  0.03776  0.03775  1.51  34.9 

4  0.03090  0.03080  0.03085  1.35  35.1 

7  0.02455  0.02425  0.62440  1.20  35.9 
II  0.01959  0.01958  0.01959  104  35-6 
17  0.015 19  0.01483  0.01501  0.91  36.7 

1.22     35.6 

Third  Series. 

A  =0.050 ;  ^  =  o.  100. 

2  0.081 12  0.08093  0.08103  2.67  29.9 

4  0.07180     0.07180  2.49  30.2 

7  0.06395     0.06395  2,36  31.2 

II  0.05920     0.05920  2.  II  29.7 

16  0.05625     0.05625  1.88  28.0 

2.56     29.8 

ICI.  Ehihrmaiiii:  Ztschr,  phvs.  Chem.,  4,  89. 
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Fourth  Sbrihs. 
^=s  0.050;  ^=0.050. 

/.              (B— x),.               (B— x),.                B— jr.                  C",.  C,. 

3     0.04019     0.04047     0.04033     1.60  35.8 

8     0.03145     0.03173     0.03159     1.46  37.6 

16    0.02473    0.02463     0.02468     1.28  38.8 

25     0.02033     0.02066     0.02048     1. 16  37.6 

45     0.01629      0.01629     0.92  37.4 

80    0.01250     0.01250    0.75  37.5 

129  37-4 

Fifth  Series. 

^5=0.050;  ^=0.0250. 

3          0.02192            0.02192          0.91  38.7 

5            0.02004          0.02004          0.94  40.2 

1 1  0.01634            0.01634          0.85  43.0 

12             0.01579           0.01579           o.Ss  43.6 

23           0.01194           0.01190           0.01192           0.76  45.8 

0.77  42.3 
Sixth  Seribs. 

y4  =  0.0250;  J9  =  0.050. 

10    0.03766     0.03766     1.49  37.3 

25     0.03136     0.03136     1.44  ^  38.6 

45     0.02840     0.02840     1.27  37.3 

80    0.02653     0.02653     1.08  34.4 

1.49  36.4 

Seventh  Series. 

^=10.02^0;  -5  =  0.0250. 

10    0.02024    0.02009    0.02017    0.96  42.9 

25    0.01626    0.01623    0.01624    0.86  43.8 

45    0.01297    0.01276    0.01286    0.84  49.3 

80    0.01140    0.01120    0.01130    0.61  39.0 

0.67  43-7 

IV.     DISCUSSION  OP  the  RESULTS. 

Let  us  now  consider  the  significance  of  the  experimental 
results.  In  order  to  ascertain  the  order  of  a  reaction  and  the 
influence  of  the  individual  substances  upon  its  velocity,  there 
are,  as  is  well  known,  two  different  methods.*  The  first  of  these 
methods  consists  in  determining  the  degree  of  the  differential 
equation  whose  constants  show  the  least  variation  during  a  sin- 

^Cf.  Noyes  :  Ztschr.  phys,  Chem.^  18, 119;  m,  315. 
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gle  experimental  series.  A  brief  glance  at  the  preceding  tables 
suffices  to  show  that,  in  every  series,  the  values  of  C,  exhibit  a 
constant,  and  as  a  rule  very  considerable,  diminution  during 
the  progress  of  the  reaction.  On  the  other  hand,  the  tables  also 
show  that  the  values  of  C,  remain  practically  constant.  The 
reaction,  judged  by  this  method,  is  therefore  one  of  the  third 
order. 

The  second  method  of  determining  the  order  of  a  reaction  con- 
sists in  degree  of  the  equation  whose  constants  retain  nearly 
the  same  value  in  independent  series  of  experiments  with 
very  different  original  concentrations.  This  method  is  much 
more  reliable  than  the  former,  because  the  effect  of  disturb- 
ances, such  for  example  as  the  influence  of  the  products  of  the 
reaction  upon  the  velocity,  in  comparison  with  the  much  greater 
effect  of  the  large  variations  in  the  original  concentration,  becomes 
of  no  consequence.  In  order  to  show  more  distinctly  the  results 
obtained  by  the  application  of  this  second  method  to  the  reaction 
considered  here,  we  present  the  following  table,  in  which  the 
comparable  values  of  the  constants  of  both  orders  derived  from 
the  seven  experimental  series  are  given.  Under  C,  the  mean 
values  are  shown,  while  under  C,  the  values  are  given  which 
correspond  to  the  state  of  the  reaction  in  which  one-half  of  the 
substance  present  in  smallest  amount  has  undergone  change. 


Series. 
No. 

Normal  concentration  of 
Sodium  formate.     Silver  nitrate. 

c,. 

C|. 

I 

0.100 

O.IOO 

2.05 

3I-I 

2 

O.IOO 

0.050 

1.22 

35.6 

3 

0.050 

O.IOO 

2.56 

29.8 

4 

0.050 

0.050 

1.29 

37-4 

5 

0.050 

0.025 

077 

42.3 

6 

0.025 

0.050 

1.49 

36.9 

7 

0.025 

0.025 

0.67 

43-7 

It  is  evident  that  the  values  of  C,  in  all  seven  of  the  series 
are  approximately  the  same,  while  those  of  C,  vary  about  280 
per  cent.,  which  proves  that  the  reaction  is  essentially  one  of  the 
third  order,  and  that  its  velocity  is  nearly  proportional  to  the 
concentration  of  the  sodium  formate  and  to  the  square  of  the 
concentration  of  the  silver  acetate.  In  the  case  of  this  reaction, 
therefore,  the  two  methods  for  the  determination  of  the  order  of 
a  reaction,  lead  to  the  same  conclusion. 
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Still ,  we  must  not  leave  unmentioned  the  fact  that  the  proportion- 
ality between  the  velocity  and  the  square  of  the  concentration  of 
the  silver  acetate  is  not  absolutely  exact.  While  the  change  of 
the  original  concentration  of  the  formate  exerts  no  definite  influ- 
ence upon  the  constants  of  the  third  order,  yet,  as  will  be 
seen  from  the  last  table,  there  occurs  with  every  diminution  of 
the  original  concentration  of  the  silver  salt,  a  slight,  but  still 
unmistakable,  increase  in  the  values  of  the  constants  C,.  As  to 
the  cause  of  this  phenomenon,  nothing  can  be  said  with  certainty. 
It  is  not  improbable,  however,  that  the  greater  velocity  in  the 
more  dilute  solutions  depends  upon  the  greater  dissociation  of 
the  silver  salt,  it  being  then  assumed  that  only  the  silver  ions 
are  capable  of  reacting. 

V.    SUMMARY. 

By  this  research  it  is  established  that  the  reaction  between 
sodium  formate  and  silver  acetate  proceeds  with  a  velocity 
which  is  proportional  to  the  concentration  of  the  former  salt,  and 
nearly  proportional  to  the  square  of  the  concentration  of  the  lat- 
ter. As  this  reaction,  according  to  prevailing  molecular  ideas, 
takes  place  between  one  molecule  of  the  iormate  (or  of  its  anion) 
and  two  molecules  of  silver  acetate  (or  of  its  silver  ion),  its  ob- 
served velocity  is  in  accordance  with  the  theoretical  require- 
,  ments,  and  it  furnishes  a  new  confirmation  of  the  influence  of 
the  number  of  the  molecules  taking  part  in  reactions. 


COUHARIN  AND  VANILLIN,  THEIR  SEPARATION, 
ESTIMATION  AND  IDENTIFICATION  IN  COH- 
HERCIAL  FLAVORINQ  EXTRACTS.' 

By  Wiluax  H.  Hess  and  Albbkt  B.  Prkscott. 

RcceiTed  Norembsr  97,  itgt. 

IT  is  a  common  practice  in  preparing  an  extract  of  vanilla  from 
vanilla  beans,  to  introduce  also,  as  a  lower-priced  material,  a 
portion  of  tonka  beans.  This  makes  a  cheaper  article  and  one 
that  is  generally  popular  with  consumers.  It  is  understood,  how- 
ever, to  be  an  inferior  article  when  compared  with  the  genuine, 
and  it  can  no  longer  be  correctly  labeled  ** Vanilla  Extract.** 
Under  this  name  the  presence  of  tonka  extract  constitutes  an 
adulteration  and  hence  the  separation,  identification,  and  esti- 

I  Read  by  title  before  the  New  York  meetiiiff  of  the  Americmn  Chemical  Sodcty. 
December  aS,  1S98. 
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mation  of  coumarin,  the  odoriferous  principle  of  the  touka  bean, 
has  become  a  practical  problem  for  the  analytical  chemist. 

THEORY  FOR  THE   SEPARATION  OF   COUMARIN  FROM  VANILLIN. 

Vanillin  is  hydroxymethoxy benzoic  aldehyde,  while  coumarin 
is  the  anhydride  of  coumaric  (orthohydroxycinnamic)  acid. 
The  separation  depends  on  the  aldehydic  character  of  vanillin. 
If  vanillin  be  dissolved  in  pure  dry  ether  and  dry  ammonia  gas 
passed  through  the  solution,  the  aldehyde  ammonia  compound 
of  vanillin  will  be  precipitated  in  almost  quantitative  proportions. 
It  is  accordingly  not  very  soluble  in  ether ;  but  like  all  aldehyde 
ammonias  it  is  very  soluble  in  water.  Ammonia  water  should, 
then,  extract  all  the  vanillin  from  an  ether  solution.  This 
theoretic  principle  is  fully  borne  out  in  practice,  as  has  been 
proved  by  repeated  experiment.  Coumarin,  on  the  other  hand, 
remains  wholly  in  the  ether  solution. 

METHOD  OF  ANALYSIS. 

A  sample  of  25  to  100  grams  of  the  commercial  extract 
to  be  examined  is  placed  in  an  evaporating  dish,  and  the  alcohol 
is  allowed  to  evaporate  at  about  80°  C.  Water  is  added  from 
time  to  time  to  keep  the  amount  of  liquid  about  equal  to  the 
original  volume.  When  the  alcohol  is  all  gone,  normal  lead 
acetate  solution  is  added  drop  by  drop  until  no  more  precipitate 
forms.  Stirring  with  a  glass  rod  aids  in  the  flocculation  and 
settling  of  the  precipitate.  The  solution  is  now  filtered,  best 
through  an  asbestos  funnel  under  pressure,  and  the  precipitate 
washed  with  a  few  cubic  centimeters  of  hot  water.  The  cooled 
filtrate  is  now  extracted  with  ether*  by  shaking  out  in  a  separa- 
tory  funnel.  About  fifteen  to  twenty  cc.  of  ether  are  used  each 
time,  and  the  process  of  shaking  out  is  repeated  until  a  few 
drops  of  the  ether  evaporated  on  a  watch  glass  leaves  no  residue. 
If  the  shaking  is  done  thoroughly,  three  to  four  times*  shaking  out 
will  usually  be  sufficient  to  extract  all  the  vanillin  and  coumarin. 
The  combined  ether  extracts  are  introduced  into  a  second 
separatory  funnel  and  shaken  out  with  dilute  ammonia  (one  part 
strong  ammonia  to  two  parts  of  distilled  water)  using  about  two 
cc.  of  the  alkaline  water  solution  at  a  time,  and  repeating  the 

i  Chloroform  may  be  used  instead  of  ether  here  aod  throughout  the  process,  with 
tMs  advantage  that  the  evaporation  of  the  chloroform  leaves  the  residue  dryer  than  it 
is  when  ether  is  used. 
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process  until  the  ammooiacal  solution  is  no  longer  colored  yellow. 
The  ether  solution  is  washed  with  two  cc.  of  water  and  this 
wash-water  added  to  the  alkaline  extract.  The  ammoniacal 
solution  is  set  aside  for  the  estimation  of  vanillin.  The  ether 
solution  is  now  poured  out  into  an  evaporating  dish,  and  the 
ether  allowed  to  evaporate  spontaneously,  or  better,  the  dish 
containing  the  ether  is  placed  in  a  vacuum  desiccator  over  sul- 
phuric acid,  when  the  ether  may  be  removed  quickly.  To  pre- 
vent bumping  of  the  ether  and  consequent  loss  during  distilla- 
tion in  vacuo^  a  capillary  tube  sealed  at  one  end  is  so  placed  in 
the  liquid  that  the  open  end  projects  into  the  centre  of  the  solu- 
tion, while  the  sealed  end  extends  well  out  of  the  liquid,  and 
rests  on  the  side  of  the  dish.  It  is  necessary  that  the  tube  be 
long  enough  to  prevent  its  resting  horizontally  on  the  bottom  of 
the  dish.* 

For  Couptarin. — The  residue  having  been  left  in  vacuo  over 
sulphuric  acid  long  enough  to  remove  all  water,  or  else  dried  in 
an  air-bath  at  not  above  45**  C,  is  treated  with  a  few  cubic  centi- 
meters of  cold  ligroin,*  the  latter  being  poured  off  into  a  clean 
dry  weighed  dish.  The  extraction  with  ligroin  is  repeated  until 
a  drop  evaporated  on  a  watch-glass  leaves  no  residue.  The 
ligroin  is  allowed  to  evaporate  (best  in  v(uuo  in  a  desiccator  con- 
taining paraffin),  is  dried  at  not  above  45"*  C.  and  weighed. 
This  gives  pure  crystalline  coumarin,  melting  at  67®  C.  After 
weighing,  a  melting-point  determination  should  be  taken,  and 
this,  with  the  odor  which  is  characteristic  at  this  point  in  the  analy- 
sis when  compared  with  that  of  a  known  sample,  is  sufficient  for 
its  identification. 

For  Vanillin, — The  ammoniacal  solution  obtained  above  is 
rendered  slightly  acid  with  ten  per  cent,  hydrochloric  acid.  It 
is  then  shaken  out  with  ether  in  the  manner  stated  before.  The 
ether  is  removed  and  the  residue  is  dried  in  vacuo  over  sulphuric 
acid  or  else  in  an  air-bath  at  not  above  55"^  C.  This  residue  is 
washed  repeatedly  with  boiling  ligroin,  using  a  few  cubic  centi- 
meters at  a  time  to  remove  the  vanillin  and  free  it  from  adher- 
ing substances.     The  ligroin  solution  is  decanted  into  a  weighed 

1  Tiny  cApilUry  tube*  are  very  useful  In  preventing  bumpinar  in  boiling  liquids,  and 
ire  made  by  drawing  out  •  glass  tube  to  the  dimensioos  of  a  hair.  Cut  the  tube  into  a 
convenient  length  and  fuse  up  one  end. 

•  A.  petroleum  fmction  boiling  between  30*  and  46*  C. 
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dish,  the  ligroin  is  removed,  the  vanillin  is  dried  at  not  above 
55**  C.  and  weighed.  This  gives  a  pure  crystalline  product, 
melting  at  So'-Si**  C.  After  the  weighing,  a  melting-point 
determination  should  be  made,  and  then  color  tests  may  be 
applied.  Some  samples  of  vanilla  extracts  have  been  found  to 
contain  phenol-like  bodies  resembling  creosol  in  odor  and  chem- 
ical behavior.  These  give  color  compounds  with  salts  of  iron; 
hence,  any  volumetric  estimation,  or  even  qualitative  test, 
applied  to  the  unpurified  extract  may  be  fallacious  when  based 
on  color  reactions  of  iron  salts. 

Results  were  obtained  by  this  method  under  control  as  follows : 
From  Mexican  vanilla  beans,  a  liquid  product  was  made  by  fol- 
lowing the  directions  of  the  United  States  Pharmacopoeia.  Of 
this  tincture,  twenty-five  grams  were  taken  in  duplicate  portions; 
to  each  was  added  five- tenths  gram  of  pure  crystallized  coumarin, 
and  the  analysis  was  made  for  estimation  of  coumarin  and  of 
vanillin.  The  coumarin  recovered  from  the  duplicate  portions 
was,  respectively,  0.491  gram  or  98.2  per  cent,  of  that  taken, 
and  0.482  gram  or  96.4  per  cent,  of  that  taken.  The  vanillin 
recovered  was,  respectively  3081  gram  and  2997  gram,  from 
each  of  the  portions  of  twenty-five  grams  of  the  tincture. 

This  method  for  vanillin  is  much  easier  and  quicker  to  work 
than  the  sodium  bisulphite  method,  and  has  these  advantages  : 
(i)  tlie  shaking  out  with  ammonia  water  is  quickly  done  ;  (2) 
the  alkaline  solution  of  vanillin  thus  obtained  is  small  in  bulk  ; 
(3)  the  trouble  of  getting  rid  of  sulphur  dioxide  is  avoided. 
The  separation  of  the  vanillin  is  also  more  complete. 

Univebsity  op  Michigan, 
November  18, 1898. 


NEW  riETHOD  FOR  THE  PREPARATION  OF  CESIUHJ 

By  Hugo  Erdmann  and  A.  K.  Menke. 

Received  October  19,  1898. 

WINKLER*  tried  to  reduce  cesium  carbonate  with  metallic 
magnesium,  in  both  glass  and  porcelain  tubes  in  a 
current  of  hydrogen.  He,  however,  obtained  no  cesium. 
Beketoff*  states  that  it  can  be  obtained  in  small  quantities  by 
the  electrolj'tic  reduction  of  the  cyanide ;  he  also  acted  on  the 
hydrate  with  aluminum,  but  the  yield  was  poor.      In  1894  ^^ 

1  Read  by  tiUe  before  the  New  York  meeting  of  the  American  Chemical  Society. 
December  38, 1898. 

s  Ber.  d.  chem.  Ges.t  93i  53. 
*  Bull.  Acad,  I^ienburg^  4, 347. 
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made  a  small  amount  by  acting  on  cesium  alum  with  metallic 
magnesium/  We  made  a  great  many  experiments  with  a  view 
to  improving  these  processes,  but  finally  found  that  a  different 
method  worked  remarkably  well,  and  if  the  directions  are 
exactly  followed  it  is  absolutely  free  from  danger.  We  found 
that  by  heating  cesium  hydroxide  with  magnesium  powder  in  a 
red-hot  tube  through  which  passed  a  current  of  hydrogen,  we 
could  obtain  nearly  the  theoretical  amount  of  cesium.  Inasmuch 
as  we  always  commenced  with  cesium  alum,  and  as  that  is  the 
cheapest  and  most  available  salt  to  begin  with,  we  will  give  all 
the  details  of  the  method  that  we  finally  found  to  be  the  best. 
The  cesium  alum  should  be  first  converted  into  cesium  sulphate. 
It  is  not  advisable  to  convert  it  directly  into  cesium  hydroxide 
on  account  of  the  fact  that  too  much  water  is  required  to  dis- 
solve the  cesium  alum,  and  also  because  cesium  hydroxide 
absorbs  carbon  dioxide  very  rapidly.  In  order  to  convert 
cesium  alum  into  cesium  sulphate  the  following  reaction  can  be 
used : 

2CsAl(SO,)..i2H.O  +  3Ba(OH)..8H.O  = 

Cs,SO,+  2Al(OH).+3BaSO,  +  48H,0. 

Dissolve  the  cesium  alum  in  as  small  a  quantity  of  boiling-water 
as  possible  (it  is  more  convenient  in  all  operations  connected 
with  cesium  to  use  casseroles  rather  than  dishes  or  beakers) ,  and 
in  a  separate  casserole  dissolve  the  crystalline  barium  hydroxide ; 
when  both  are  in  solution,  mix  the  two  and  filter  rapidly  with  a 
good  pump  ;  a  Buchner  funnel  can  be  used  in  this  operation  to 
great  advantage.  The  filtrate  if  slightly  alkaline,  due  to  an 
excess  of  barium  hydroxide,  should  be  treated  with  carbon 
dioxide  for  a  few  minutes  and  quickly  refiltered.  It  can  now  be 
either  evaporated  to  dryness  or  crystallized.  The  next  step  is 
to  convert  the  cesium  sulphate  into  cesium  hydroxide. 

Cs.SO,  +  Ba(0H),.8H,0  =  2CsOH  +  BaSO,  +  8H.O. 

The  sulphate  is  quite  soluble  in  hot  water,  and  as  small  a 
quantity  of  the  solvent  as  possible  should  be  used.  The  barium 
hydroxide  should  also  be  separately  dissolved  in  a  very  small 
quantity  of  water.  When  both  are  in  solution  mix  and  filter 
with   a   suction-pump  and   Buchner  funnel.     The    filtrate    is 

1  Proc.  Russ.  Phys,  Chem.  Ges.,  1894. 
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rapidly  evaporated  to  dryness  in  a  silver  crucible  and  then  fused ; 
it  should  now  be  poured  into  a  silver  dish  so  that  it  will  make  a 
thin  brittle  cake  of  cesium  hydroxide^  which  must  not  be  ex* 
posed  to  the  air  longer  than  is  absolutely  necessary ;  it  is 
quickly  broken,  transferred  to  a  warm  dry  bottle,  and  weighed; 
then  put  into  a  hot  porcelain  mortar,  broken  into  small  pieces 
about  half  the  size  of  a  pea,  and  mixed  with  one-half  its  weight 
of  magnesium  powder  (the  magnesium  powder  must  be  pre- 
viously heated  in  a  current  of  hydrogen  to  get  rid  of  the  fat  with 
which  it  is  always  mixed);  the  mixture  is  then  quickly  dropped 
into  a  clean,  dry,  rust-free  malleable  iron  tube  of  the  following 
dimensions :  one  meter  long,  fifteen  mm.  diameter,  three  mm. 
thick,  and  fifteen  cm.  from  the  end  it  is  bent  to  an  angle  of  about 
125''.  In  order  to  keep  the  mixture  in  the  tube  a  small  bundle 
of  clean  piano  wire  irregularly  twisted  together  is  forced  into  the 
tube  down  the  long  part  to  the  angle,  before  dropping  in  the 
mixture.  In  filling  the  tube  it  is  best  held  inclined.  The  tube 
is  now  laid  in  a  slightly  inclined  combustion  furnace,  to  aid  the 
flow  of  the  liquid  mettil  and  quickly  connected  to  a  Kipp 
hydrogen  generator.  The  hydrogen  must  be  passed  through 
permanganate  solution  in  order  to  oxidize  hydrogen  arsenide 
and  then  thoroughly  dried  by  sulphuric  acid  and  phosphoric 
anhydride ;  the  bent  end  of  the  tube  is  immersed  in  liquid  paraf- 
fin to  the  depth  of  about  two  cm.  It  is  advisable  to  have  the 
paraffin  in  a  casserole  about  seven  and  one-half  cm.  in  diameter. 
To  begin  the  distillation,  light  the  burner  farthest  away  from  the 
mixture  (the  tube  should  never  be  more  than  one- third  full), 
and  allow  hydrogen  to  pass  through  at  the  rate  of  about  forty 
babbles  per  minute.  When  the  temperature  has  risen  as  high 
as  one  burner  can  produce,  light  the  next  but  do  not  turn  on 
full  pressure  immediately  ;  this  process  must  be  continued, 
burner  by  burner,  until  reaction  begins.  This  is  readily  marked 
by  an  increase  in  the  speed  of  bubbling  through  the  paraffin.  If 
the  bubbles  come  faster  than  80-100  per  minute,  turn  out 
the  last-lighted  burner  and  remove  the  tile  over  the  tube. 
Bubbling  will  now  gradually  cease,  due  to  the  probable  forma- 
tion of  hydride  of  cesium,  decomposed  at  high  tempera- 
tures ;  consequently  the  hydrogen  pressure  must  be 
increased    until    gas    comes    through    the    paraffin.       When 
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the  back  suction  is  relieved  the  hydrogen  stream  can  be  restored 
to  its  normal  rate.  This  operation  must  be  continued  until  all 
the  burners  are  lighted  and  the  temperature  is  full  red.  The 
angle  piece  of  the  tube,  which  should  be  as  close  to  the  furnace 
as  possible,  is  now  heated  by  a  powerful  Bunsen  burner,  and 
constantly  struck  with  a  piece  of  iron.  The  metallic  cesium 
which  has  distilled  into  this  part  of  the  apparatus,  will  be  lique- 
fied, and  will  trickle  down  under  the  paraffin,  collecting  in 
silvery  drops.  The  cesium  comes  out  of  the  tube  at  the  very 
end  of  the  process  and  not  before.  If  the  foregoing  directions 
are  closely  followed  the  whole  operation  can  be  accomplished  in 
four  hours  without  the  slightest  difficulty  or  danger.  Explosions 
only  occur  when  the  tube  is  heated  too  rapidly  and  not  sufficient 
attention  paid  to  the  pressure  regulation.  It  is  evident  from  the 
result  of  these  experiments  that  Winkler  was  mistaken  in  sta- 
ting that  it  is  impossible  to  obtain  cesium  from  its  compounds  by 
the  aid  of  magnesium.  We  made  cesium  in  quantity  by  our 
method  and  are  now  studying  its  physical  properties. 

Cbbmischbs  Laboratokium, 
Univerbxtat,  Hallb  a/S. 


THE  OXIDATION  OF  FORHIC  ALDEHYDE  BY  HYDROGEN 

PEROXIDE/ 

By  J.  H.  Ka^lb  and  a.  S.  Lobvbkhart. 
Received  October  ■4,  xag8. 

A  FEW  preliminary  experiments  seemed  to  indicate  that  the 
oxidation  of  formic  aldehyde  by  hydrogen  peroxide,  could 
be  easily  and  certainly  followed  by  determining  the  quantities  of 
formic  acid  produced  as  the  result  of  the  oxidation,  by  standard 
alkali,  using  phenolphthalein  as  the  indicator.  •  A  study  of  this 
oxidation  was  therefore  undertaken.  A  number  of  oxidations, 
involving  hydrogen  peroxide  as  the  oxidizing  agent,  have  been 
studied.  The  work  of  Magnanini*  and  that  of  Harcourt'  and 
Essen  on  the  effect  of  this  substance  on  hydriodic  acid,  under 
different  physical  and  chemical  conditions,  is  important  and 
interesting  in  this  connection.  A  study  of  the  oxidation  of  gas- 
eous acetic  aldehyde  by  oxygen  gas  was  undertaken  a  short 

1  Read  before  the  Boston  meeting  of  tbe  American  Association  for  the  AdTance- 
ment  of  Science,  August  25,  1898. 

>  Gat.  ckim.  Hal.,  so,  577,  i8go. 

>  Pkit.  TVuM.,  /^,  157,  30,  460  and  Pkil.  Ttans.^  1895,  z86,  817*  895. 
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time  ago  by  van't  Hoff*  with  the  view  of  determining  the  rela- 
tion of  the  pressure  under  which  the  oxygen  acts  to  the  rate  of 
oxidation.  He  found  the  oxidation  to  proceed  with  convenient 
speed  at  20**  C.  and  observed  that  the  action  was  affected  by 
light  His  results  showed  the  velocity  of  the  oxidation  to  be 
proportional  to  the  pressure  of  the  aldehyde  vapor,  and  to  the 
square  root  of  the  pressure  of  the  oxygen.  So  far  as  we  have 
been  able  to  discover,  this  is  the  only  case  of  the  kind  that  has 
ever  been  investigated.  It  seemed  to  us,  therefore,  all  the  more 
important  to  undertake  the  study  of  the  oxidation  of  formic 
aldehyde  by  hydrogen  peroxide  in  aqueous  solution.  Mar- 
chand's  hydrogen  peroxide  and  Schering's  formaldehyde  were 
used  in  the  investigation.  The  solution  of  formaldehyde  was 
standardized  by  heating  with  potassium  hydroxide,  and  the 
hydrogen  peroxide  by  means  of  a  standard  solution  of  potas- 
sium permanganate.  The  peroxide  was  always  standardized 
immediately  before  using,  in  order  to  correct  any  change  in 
strength  that  it  might  have  undergone.  Normal  solutions  of 
formaldehyde  and  peroxide  were  employed  in  equivalent  vol- 
ames,  so  that  in  all  cases,  not  stated  to  the  contrary,  the  reac- 
tion was  studied  at  half-normal  dilution. 

The  effect  of  temperature  was  first  investigated.  Our  pre- 
liminary experiments  indicated  that  the  reaction  proceeded  with 
extreme  slowness  at  ordinary  temperatures,  but  with  great 
velocity  at  the  temperature  of  boiling  water.  It  was  therefore 
decided  to  conduct  a  series  of  experiments  at  each  of  the  follow- 
ing temperatures ;  viz.,  20"* C,  26'  C,  40**  C,  50**  C,  60*  C,  70** 
C,  8o'  C,  90**  C,  and  98*  C.  It  should  be  said  further  that 
these  several  series  were  tried  in  dark,  it  having  been  observed 
that  light  exerted  an  accelerating  influence  on  the  progress  of 
the  reaction.  In  each  of  these  experiments  five  cc.  of  normal 
formaldehyde  was  placed  in  a  test-tube,  together  with  five  cc.  of 
nonnal  hydrogen  peroxide ;  the  tube  was  then  sealed  and  placed 
in  a  water-bath,  which  was  maintained  constant  at  the  tempera- 
ture desired.  The  tube  was  then  exposed  to  certain  tiempera- 
tures  for  different  intervals  of  time,  at  the  end  of  which  they 
wete  plunged  into  cold  water,  opened  and  their  contents  titrated 
with  fifth-normal  potassium  hydroxide.      The   coefficients   of 

^  Etudes  de  Dynamique  Cbimique,  189s  ^  P*  79> 
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velocity  were  then  calculated  from  the  results  by  the  equation  for 
bimolecular  reactions : 


^{^ 


—xJ  A 


K 


where  6  represents  time  in  minutes,  A  the  initial  amount  of  the 
substance  present,  x  the  amount  of  substances  changed,  and  K 
is  the  constant  which  measures  the  velocity  of  the  reaction. 

The  following  are  the  tabulated  results  of  the  series  together 
with  the  calculated  coeflBcients  of  velocity : 


Series  at  40^. 

Time. 
Minutes. 

Fifth-normal  potas- 
sium hydroxide 
neutralized, 
cc. 

Decomposed. 
Per  cent. 

Coefficient  of 

velocity. 

30 

0.29 

1. 16 

0.0000157 

60 

0.63 

2.52 

0.0000172 

90 

0.97 

3.88 

0.0000179 

120 

1.32 

5.28 

0.0000185 

150 

I.71 

6.84 

0.0000196 

180 

2.00 

8.00 

0.0000193 

222  i 

2.48 

9.92 

0.0000198 

240 

2.65 

10.60 

0.0000198 

270 

3.10 

12.40 

0.0000208 

300 

3.47 
Average 

13.88 
coefficient  of  velocity, 

0.0000201 

0.0000189 

Series  at  50°. 

Time. 
Minutes. 

Fifth-normal  potas- 
sium hydroxide, 
cc. 

Decomposed. 
Per  cent. 

K. 

30 
60 

1. 10 

4.40 
8.52 

0.0000614 

2.13 

0.0000021 

90 

3.30 

13.20 

0.0000676 

120 

4.45 

17.80 

0.0000722 

150 

5.20 

20.80 

0.0000700 

180 

5.85 

23.40 

0.0000679 

210 

6.90 

27.60 

O.OUO0726 

240 

7.63 

30.52 

0.0000732 

270 

8.10 

32.40 

0.0000710 

300 

9.00 

36.00 

0.0000750 

Average  coefficient  of  velocity,      0.0000695 
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Tint. 
Uinotet. 

75 

90 
105 
120 

150 

180 

210 

»5 
240 

255 

270 

285 

300 


Sbribs  at  60". 

Pifth-nomal  potas- 

sium  hydroxide. 

cc. 

Decomposed 
Per  cent. 

7.75 
8.95 

3100 
35.80 

9-75 

39.00 

10.75 

43.00 

11.45 
11.90 

45.80 
46.70 

12.55 

50.20 

13-20 
14.15 

52.80 
56.60 

14-35 
14.70 

57-40 
58.80 

15.00 

60.00 

15-5 
15.90 
16.15 
16.23 

62.00 
63.60 
64.60 
64.92 

K. 
0.000240 
0.000248 
0.000244 
0.000251 
0.000250 
0.000244 
0.000244 
0.000249 
0.000268 
0.000257 
0.000254 
0.000250 
0.000256 
0.000259 
0.000255 
0.000247 


Average  coefficient  of  velocity, 

0.000251 

Series  at  70°. 

Time. 
Minutes. 

Filth-normat  potas- 
sium hydroxide, 
cc. 

Decomposed. 
Per  cent. 

K. 

15 

5.15 

20.60 

0.000691 

45 

11.25 

45.00 

0.000727 

60 

13.20 

52.80 

0.000746 

75 

14.80 

59.20 

0.000774 

90 

15.65 

62.60 

0.000744 

105 

16.65 

66.60 

0.000760 

120 

17-45 

69.80 

0.000770 

135 

17.65 

70.60 

0.00071 I 

150 

17.75 

71.00 

0.000653 

165 

19.20 

76.80 

0.000802 

180 

19.55 

78.20 

0.000799 

19s 

19.95 

79.80 

0.000772 

210 

20.65 

82.60 

0.000754 

225 

20.65 

82.60 

0.000704 

240 

20.65 

82.60 

0.000660 

Average  coefficient  of  velocity,      0.00071 1 
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Series  at  80°. 

Time. 
Minutes. 

Fifth-normal  potas- 
sium hydroicide. 
cc. 

Decomposed. 
Per  cent. 

K. 

lO 

10.15 

40.60 

0.00273 

20 

13-85 

5940 

0.00248 

35 

16.93 

67.72 

0.00240 

50 

1905 

76.20 

0.002  c6 

60 

19.85 

79.40 

0.00257 

80 

20.60 

82.40 

0.00234 

100 

21.60 

86.40 

0.00254 

120 

21.95 

87.80 

0.00240 

150 

22.80 

91.20 

0.00276 

Average  coefficient  of  velocity, 

0.00253 

Sertks  at  90". 

Time. 
Minutes. 

Fifth-normal  potas- 
sium hydroxide, 
cc. 

Decomposed. 
Per  cent. 

K. 

5 

12.10 

48.40 

0.00750 

15 

17.20 

68.80 

0.00590 

20 

18.54 

74.16 

0.00555 

30 

20.60 

82.40 

0.00625 

50 

ai.jj 

86.80 

0.00525 

60 

22.80 

91.20 

0.00690 

Average  coefficient  of  velocity,      0.00625 

It  was  noted  that  considerable  pressure  was  developed  in  the 
tubes  up  to  this  temperature,  vtV.,  90^  C,  owing  to  the  fact  that 
the  hydrogen  peroxide  liberates  its  oxygen  more  rapidly  than 
it  is  capable  of  acting  on  the  formaldehyde;  but  at  this  tempera- 
ture the  pressure  almost  disappears  indicating  that  the  peroxide 
acts  on  the  formic  aldehyde  at  this  temperature  very  nearly  as 
rapidly  as  it  is  capable  of  liberating  its  oxygen. 


Series  at  98°. 

Time. 
Minntes. 

Fifth-normal  potas- 
sium hydroxide, 
cc. 

Decomposed. 
Per  cent 

K. 

10 

18.90 

75.60 

0.0124 

15 

ao.50 

82.00 

0.0132 

20 

31.60 

86.40 

0.0137 

30 

22.30 

89.30 

O.OXIO 

45 

23.06 

92.24 

0.0106 

60 

23.50 

94.00 

0.0105 

Average  coefficient  of  velocity,      0.01 16 
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A  few  experiments  were  tried  at  lower  temperatures ;  at  20' 
the  coefficient  of  velocity  was  found  to  be  approximately 
0.000000855,  aid  at  26°,  0.00000199. 

In  harmony  with   the  theory  of  bimolecular  reactions  the 
coefficients  of  velocity  of  this  reaction,  for  any  particular  tem- 
petature,  approach  a  constant  value.     This  is  especially  true  of 
the  values  obtained  for  50°  C,  60°  C,  and  70"  C,  and  in  all 
cases  they  are  probably  sufficiently  d< 
value  to  justify  one  in  assuming  that 
a  very  close  approximation  to  the  tn 
In  considering  these  results,  bowevei 
borne  in  mind  that  there  are  several ! 
perimental  error  which  can  scarcel) 
One  of  these  is  due  to  the  fact  that 
takes  place  so  rapidly  in  alkaline  so! 
is  difficult  oftentimes  to  make  sure  of 
tion.    Then,  again,  a  small  amount  of 
peroxide  decomposes  into  water  and 
this  liberated  oxygen  acts  far  less  rt 
formaldehyde  than  that  contained  ii 
molecule.     A  third  factor   which  n 
slight  departure  of  the  observed  valu' 
slant  is  that  the  formic  acid  product 
dation  very  slightly  accelerates  the 
effect  of  temperature  on  the  course  1 
under  consideration  is  very  clearly 
curve.       On     this,    temperatures 
have    been   laid  off    on   the   axis 
of  abscissas,   the  ordinates  being 
the  average  coefficients  of  velocity 
of  the  reaction,  multiplied,  for  con- 
venience, by  3333^.  The  enormous 
but  regular  effect  of  temperature 
on  the  velocity  of  this  reaction  is 
clearly  shown  by  this  curve.     From  20°  to  40°  C.  it  will  be  ob- 
served that  the  curve  is  nearly  coincident  with  the  axis  of  x ; 
then,  very  slowly  at  first,  but  very  rapidly  later  00,  it  begins  to 
diverge  from  it,  until  at  90°  to  98°  C.  it  is  almost  perpendicular 
to  it,  indicating  that  we  would  not  have  to  raise  the  temperature 
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of  the  system  any  very  great  deal  in  order  to  make  the  change 
practically  instantaneous. 

The  efiect  of  light  on  the  progress  of  reaction  has  also  been 
investigated.  The  fact  that  hydrogen  peroxide  is  more  unstable 
in  the  light  than  in  the  dark  would  naturally  lead  to  the  supposi- 
tion that  light  would  probably  accelerate  the  oxidation  under 
discussion.  A  few  preliminary  experiments  indicated  that  such 
was  really  the  case.  Two  tubes,  each  containing  ten  cc.  normal 
formic  aldehyde  and  ten  cc.  normal  hydrogen  peroxide,  were  kept 
at  20^  C,  one  in  the  sunlight  and  one  in  the  dark,  for  five  and 
one-half  hours.  The  tube  in  the  dark  showed  a  decomposition 
of  seven-tenths  per  cent.,  whereas  that  in  the  light  gave  four 
per  cent,  decomposition.  It  was  therefore  decided  to  carry 
through  several  series  in  the  direct  sunlight  at  the  same  tempera- 
ture as  those  which  were  tried  in  the  dark,  and  under  conditions 
as  nearly  identical  as  possible.  The  extremely  variable  char- 
acter of  even  bright  sunlight  is  capable  of  causing  variations  in 
the  velocity  of  the  reaction  in  the  same  series,  so  that  for  the 
several  series  in  the  sunlight  the  values  of  K  show  greater  devia- 
tion from  a  constant  value  than  those  obtained  for  the  same 
series  in  the  dark.  In  light  at  20**  the  coefficient  of  velocity  was 
found  to  be  0.00000505  and  at  26°,  0.00000629. 

Series  in  Direct  Sunlight  at  40°  C. 

Fifth-normal  potas- 


Time. 
Minutes. 

sium  hydroxide, 
cc. 

Decomposed. 
Per  cent. 

K. 

45 

0-75 

3-00 

0.0000275 

60 

1. 00 

4.00 

0.0000278 

90 

1.85 

7.40 

0.0000355 

120 

2.85 

11.40 

0.0000429 

150 

3.30 

13.20 

0.0000401 

180 

4.40 

17.60 

t>.oooo475 

240 

5.10 

20.40 

0.0000427 

Average  coefficient  of  velocity  0.0000378,  thus  showing  an  increase  of 
IQO  per  cent,  over  the  average  coefficient  of  velocity  in  the  dark  at  the 
same  temperature. 
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Sbribs  in  Dirbct  Sunlight  at  50"^  C. 

Fifth-normal  potas 


Time. 

aium  hydroxide. 

Decomposed. 

Minutes. 

cc. 

Per  cent. 

K. 

60 

3-35 

13.40 

0.000104 

75 

4.05 

16.20 

0.000103 

90 

4.85 

19.40 

0.000107 

105 

5.45 

21.80 

0.000106 

120 

6.95 

27.80 

0.000128 

135 

7.15 

28.60 

O.OOOII9 

150 

7.70 

30.80 

O.OOOII9 

165 

8.65 

34.60 

0.000128 

180 

XO.35 

41.40 

0.000156 

195 

11.05 

44.20 

0.000162 

215 

11.78 

47.12 

0.000168 

233 

11.78 

47.12 

0.000153 

Average  coefficient  of  velocity, 
Sbribs  in  Dirbct  Sunlight  at  60^  C. 

Fifth-normal  potas 


Average  coefficient  of  velocity, 
Sbribs  in  Direct  Sunlight  at  70^  C. 


0.000129 


Time. 

sium  hydroxide. 

Decomposed. 

Minutes. 

cc. 

Per  cent. 

K. 

30 

3.85 

15.40 

0.000243 

45 

5-30 

21.20 

0.000239 

60 

6.65 

26.60 

0.000242 

75 

8.05 

32.20 

0.000253 

90 

8.85 

39.40 

0.000288 

105 

10-75 

43.00 

0.000287 

120 

"53 

46.12 

0.000285 

135 

".35 

49.40 

0.000290 

150 

13.39 

53.56 

0.000308 

16s 

1363 

54.52 

0.000291 

180 

1501 

60.04 

0.000336 

195 

15.85 

63.40 

0.000356 

216 

16.35 

65.40 

0.000350 

225 

16.40 

65.60 

0.000339 

270 

18.20 

72.80 

0.000397 

300 

1905 

76.20 

0.000427 

0.000308 


Time. 
Minutes. 

Fifth-normal  potas- 
sium hydroxide, 
cc. 

Decomposed. 
Per  cent. 

K. 

45 

5.95 

47.60 

0.000805 

90 

7-95 

63.60 

0.000777 

135 

9.45 

75.60 

0.000918 

180 

10.15 

81.20 

0.000959 

Average  coefficient  of  velocity,      0.000865 
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Series  in  Direct  Sunught  at  80°  C. 


Time. 
Minutes. 

Fifth-normal  potas* 

sium  hydroxide. 

cc. 

Decomposed. 
Per  cent 

K. 

20 

13.85 

5540 

0.00248 

35 

17.10 

68.40 

0.00247 

50 

18.90 

75.60 

0.00248 

60 

20.00 

80.00 

0.00267 

80 

21.31 

85.20 

0.00288 

100 

21.95 

87.80 

0.00288 

120 

21.95 

87.80 

0.00240 

150 

23.00 

92.00 

0.00307 

225 

23.20 

92.80 

0.00228 

Average  coefficient  of  velocity,      0.00262 
Series  in  Direct  Sunught  at  90^  C. 


Time. 
Minutes. 

Fifth-normal  potas- 
sium hydroxide, 
cc. 

Decomposed. 
Per  cent. 

K. 

15 

17.30 

69.20 

0.00595 

20 

19.30 

77.20 

0.00675 

30 

20.40 

81.60 

0.00590 

55 

22.tO 

88.40 

0.00555 

75 

23.20 

92.80 

0.00690 

Average  coefficient  of  velocity,      0.00621 

The  results,  like  those  obtained  in  the  dark,  can  best  be  repre- 
sented graphically  by  the  curve,  the  abscissas  of  which 
represent  the  temperatures  and  the  ordinates  the  average 
coefficients  of  velocity  multiplied  by  3333^.  From  this  it  will 
be  seen,  at  a  glance  that  for  certain  temperatures,  at  least,  lig^ht 
exerts  an  accelerating  influence  on  the  progress  of  the  reaction. 
The  point  of  chief  interest,  however,  is  that  tlie  effect  of  light  is 
different  for  different  temperatures.  What  it  is  ato**  C.  we  have 
not  yet  had  an  opportunity  to  determine,  in  consequence  of  the 
extreme  slowness  of  the  change.  Generally,  however,  it  will  be 
seen  that  the  accelerating  effect  of  light  is  greatest  for  low  temper- 
atures, gradually  diminishing  with  increasing  temperature  until 
at  a  temperature  just  a  little  below  90**  C,  the  curves  intersect 
and  become  identical  for  light  and  dark.  When  we  compare  the 
velocity  of  this  reaction  at  20*  C.  and  40**  C.  and  observe  the 
great  falling  off  in  the  rate  of  change  it  can  be  fairly  surmised 
that  somewhere,  probably  not  very  far  removed  from  o"  C.  on 
either  side,  the  reaction  would  cease  altogether,  both  in  light 
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and  dark.  It  would  seem  then  that  the  accelerating  influence 
of  light  is  possible  only  between  certain  rather  narrow  limits  of 
temperature.  That  such  is  the  case  seems  to  have  been  proved 
also,  for  reactions  other  than  the  one  under  discussion.  Amato' 
has  shown,  for  example,  that  if  a  mixture  of  hydrogen  and 
chlorine  be  cooled  to — 12**  C.  it  could  be  exposed  to  direct  sun- 
light for  hours  without  any  combination  taking  place.  It  is 
further  conceivable  with  reference  to  this  particular  reaction 
that  at  very  high  temperatures  it  would  take  place  so  rapidly 
that  light  would  be  without  effect  on  the  change.  In  the  same 
way  Beatty'  and  one  of  us  have  shown  that  while  light  cannot 
cause  the  combination  of  hydrogen  and  bromine  at  ordinary 
temperatures,  it  greatly  accelerates  their  combination  at  197*  C; 
at  still  higher  temperatures  it  is  quite  possible  that  its  effect  on 
this  system  would  be  lost.  The  chemical  action  of  light  is  at 
best  so  little  understood  that  considerable  interest  attaches  to 
these  results  which  would  seem  to  support  the  view  that  a 
certain  amount  of  the  energy  of  the  light  actually  enters  into, 
and  becomes  a  part  of,  the  system  undergoing  change.  Below  a 
certain  temperature  the  heat  and  light  energy  together  might  be 
insufiScient  to  cause  the  change.  At  temperatures  at  which  the 
given  reaction  becomes  possible,  however,  light  would  accelerate, 
for  the  reason  that  the  increment  of  energy  furnished  by  it  would 
be  a  measurable  amount  of  the  entire  quantity  of  energy  present. 
At  very  high  temperatures  this  increment  of  light  energy  would 
become  so  small,  as  compared  with  the  increased  heat  energy  of 
the  system,  as  to  cause  the  effect  of  the  light  to  disappear  alto- 
gether. 

ON  THE  EFFECT  OF  ACIDS  AND  BASES  ON  THE  OXIDATION. 

It  has  been  announced  as  a  general  proposition  that  **all 
oxidation  and  reduction  processes  are  accelerated  by  the  pres- 
ence of  free  acids,  in  proportion  to  their  coefficients  of  affinity.'" 
It  was  therefore  deemed  desirable  to  try  the  effect  of  acids  on 
this  particular  case.  In  order  to  do  this,  three  series  of  exper- 
iments were  carried  through  at  50"  C:  one  with  hydrochloric 

1  GoMM.  chim.  ital.^  Z4f  57- 

^Am.  Oum.J.^  aoi  159. 

*  Schluodt  and  Warder :  Am.  Cfum.J.^  18,  p.  31. 
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acid,  one  with  formic  acid,  and  one  with  water  alone.  In  each 
experiment  five  cc.  normal  formaldeh3'de,  five  cc.  normal  hydro- 
gen peroxide,  and  five  cc.  of  water  or  the  acid  were  mixed, 
placed  in  sealed  tubes  and  kept  at  50''  C.  for  the.several  desired 
intervals  of  time.     The  following  series  were  carried  through : 

( 1 )  With  hydrochloric  acid 0.0000754 

(2)  With  formic  acid 0.0000705 

(3)  With  water 0.0000670 

Hydrochloric  Acid  Sbries. 

Mixture :  Five  cc.  normal  hydrogen  peroxide,  five  cc.  normal  formalde- 
hyde, and  five  cc.  normal  hydrochloric  acid. 

Fifth-normal  potas- 


Time. 
Minutes. 

60 
90 

sium  hydroxide, 
cc. 

2.25 

3.53 

4.33 

6.55 

7.45 
8.00 

8.75 

Decomposed. 
Per  cent. 

9.00 
14.12 

17-32 
26.20 
29.80 
32.00 

35-00 

K. 
0.0000659 
0.0000737 

120 
180 
210 
240 
270 

0.0000090 
0.0000789 
0.0000809 
0.0000784 
0.0000799 

Average  coefficient  of  velocity,      0.0000754 


Formic  Acid  Sbribs. 


Mixture:  Five  cc.  normal  hydrogen  peroxide,  five  cc.  normal  formalde- 
hyde, and  five  cc.  normal  formic  acid. 

Fifth-normal  potas 


Time. 

sium  hydrosude. 

Decomposed. 

Minutes. 

cc. 

Per  cent. 

K. 

60 

2.10 

8.40 

0.00006  r( 

90 

3-15 

12.60 

0.0000641 

120 

4.40 

17.60 

0.0000745 

150 

5 -08 

20.32 

0.0000680 

180 

6.20 

24.80 

0.0000733 

210 

6.95 

27.80 

0.0000733 

240 

7.80 

31.20 

0.0000756 

270 

8.40 

33-60 

0.0000750 

Average  coefficient  of  velocity,      0.0000705 
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Series  with  Water. 
Mixture  :  Five  cc.  normal  hydrogen  peroxide,  five  cc.  normal  formalde- 
hyde, and  five  cc.  water. 


Time. 
Miuutea. 

Fifth-normal  potas- 
sium hydroxide, 
cc- 

Decomposed. 
Per  cent. 

K. 

60 

2.10 

8.4 

0.00006x1 

90 

3- 20 

12.8 

0.0000652 

120 

4.07 

16.28 

0.0000648 

150 

4.90 

19.60 

0.0000650 

180 

5.88 

2.^.52 

0.0000680 

210 

6.92 

27.68 

0.0000730 

240 

730 

29.20 

0.0000690 

270 

8.12 

32.48 

0.0000712 

Average  coefficient  of  velocity,      0.0000670 

It  will  be  observed  that  the  acids  caused  some  acceleration  in 
the  rate  of  change,  and  that  hydrochloric  acid  caused  a  greater 
acceleration  than  formic.  It  is  not  by  any  means  so  marked  as 
it  is  in  certain  other  oxidations  that  have  been  studied,  a  fact 
that  can  doubtless  best  be  explained  by  assuming  that  the 
accelerative  tendency  of  the  acid  is  counterbalanced  to  some 
extent  by  an  increased  stability  in  the  hydrogen  peroxide,  which 
latter  is  also  brought  about  in  some  way  by  the  acid.  The 
acceleration  produced  by  formic  acid,  however,  is  probably 
sufficiently  great  to  account  for  the  increase  in  velocity  usually 
observed  at  the  end  of  a  long  series.  The  fonnic  acid  produced 
during  the  oxidation  would  cause  the  reaction  to  proceed  more 
rapidly  towards  the  end.  The  effect  of  bases  on  the  rapidity  of 
the  oxidation  is  certainly  most  remarkable.  In  consequence  of 
the  rapidity  of  the  oxidation,  all  of  our  experiments  with  bases 
have  been  conducted  at  ordinary  temperatures.  In  each  exper- 
iment five  cc.  normal  formaldehyde  and  five  cc.  normal  hydrogen 
peroxide  weref  placed  in  a  flask,  and  a  quantity  of  half-normal 
base  then  added — equivalent  to  the  amount  of  formic  acid  pro- 
duced by  the  oxidation,  and  from  the  time  of  adding  the  solu- 
tion of  the  base  the  duration  of  the  experiment  was  counted. 
At  therend  of  a  given  time  an  amount  of  normal  hydrochloric 
acid  was  added — equivalent  to  the  original  amount  of  base 
present — and  the  solution  was  then  titrated  back  with  standard 
caustic  potash,  using  phenolphthalein  as  an  indicator.  During 
the  progress  of  the  reaction  with  bases,  considerable  effervescence 
occurred,  due  to  escaping  oxygen.     The  reaction  is  affected  by 
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light,  and  slight  changes  in  temperatures  also  produced  quite  a 
noticeable  effect  on  the  rate  of  change. 

Caustic  potash,  caustic  soda,  and  ammonia  were  first  com- 
pared as  to  their  effect  on  the  reaction,  each  active  substance 
reacting  in  fourth-normal  solution.  The  results  obtained  are 
given  in  the  following  table. 


Tabids  I. 

Time. 

Potassiam  hydroxide. 

Sodium  hydroxide. 

Ammonium  hydroxide. 

Minutes. 

Per  cent. 

Per  cent. 

Per  cent. 

2 

48.4 

46.0 

15-0 

4 

62.5 

61.0 

24.0 

6 

70.0 

69.0 

31.0 

8 

76.5 

74.0 

37.0 

lO 

78.0 

77.0 

40.0 

15 

87.0 

88.0 

44.0 

20 

99-5 

99.0 

49.0 

25 

.... 

.  •  ■  ■ 

54.4 

35 

.... 

•  • .  • 

56.0 

83 

«... 

• . .  • 

69.0 

1350 

•  •  •  • 

.... 

86.4 

These  results  are  of  interest,  first,  as  showing  the  remarkable 
acceleration  produced  by  alkalies  on,  the  progress  of  this  reac- 
tion. Few,  if  any,  attempts  have  been  made  to  follow  any  reac- 
tion occurring  with  such  rapidity.  It  will  be  seen,  further,  that 
caustic  potash  and  soda  are  practically  the  same  in  their  effect, 
and  that  both  act  much  more  vigorously  than  ammonia.  This 
is  in  harmony  with  our  present  knowledge  respecting  the 
activity  of  these  bases.  The  action  of  barium  hydroxide  on  this 
oxidation  was  also  tried.  Owing  to  lack  of  solubility,  it  could 
not  be  compared  with  these  bases  at  the  dilution  at  which  the 
above  comparisons  were  made.  As  concentrated  a  solution  as 
possible  of  this  base  was  made  (which  happened  to  be  nearly 
third-normal),  14.5  cc.  being  equivalent  to  five  cc.  normal  hydro- 
chloric acid.  This  was  compared  with  caustic  potash  of  exactly 
the  same  strength,  so  that  in  these  experiments  the  active  sub- 
stances were  present  in  about  fifth-normal  solution.  In  each 
experiment  five  cc.  normal  formic  aldehyde,  five  cc.  hydrogen 
peroxide,  and  14.5  cc.  of  the  given  ba^e  were  employed.  The 
following  results  were  obtained  : 
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Table  II. 

Time. 

Potassium  hydroxide. 

Barium  hydrosdde. 

Minutes. 

Per  cent. 

Per  cent. 

2 

43-0 

53.4 

4 

57.0 

67.4 

6 

63.0 

68.0 

8 

66.4 

71.0 

10 

72. a 

74.0 

15 

74.4 

78.0 

20 

82.4 

81.0 

25 

84.4 

82.4 

30 

85.0 

86.0 

In  the  last  five  experiments  of  this  series  it  will  be  observed 
that  caustic  potash  and  barium  hydroxide  are  exerting  prac- 
ticaUy  the  same  effect  on  the  rate  of  oxidation.  At  first,  how- 
ever, the  barium  hydroxide  acts  more  rapidly.  In  the  exper- 
iments with  barium  hydroxide  at  this  dilution  we  always 
obtained  a  white  precipitate,  probably  barium  dioxide,  and  this 
may  have  altered  the  conditions  to  such  an  extent  as  to  cause 
this  difference  in  the  effect  of  these  two  bases.  It  is  our  inten- 
tion to  study  the  effect  of  bases  at  greater  dilutions,  so  as  to 
include  lime  and  strontium  hydroxide  in  the  comparison.  The 
great  acceleration  produced  by  bases  on  this  oxidation  has  sug- 
gested another  important  line  of  work,  in  which  only  the  merest 
beginning  has  as  yet  been  made.  This  is  with  reference  to  the 
hydrolysis  of  salts.  It  was  thought  that  this  reaction  might 
furnish  us  with  a  very  delicate  method  for  the  measurement  of 
the  hydrolysis  of  alkaline  salts.  It  has  been  found, for  example, 
that  while  common  salt  is  without  influence  on  rate  of  chajige  at 
50*  C,  it  is  greatly  accelerated  by  sodium  acetate.  We  have 
not  yet  had  an  opportunity  to  make  any  thorough  study  of  this 
phase  of  the  reaction,  but  the  following  comparisons  of  the 
action  of  hundredth-normal  potassium  hydroxide  and  normal 
sodium  acetate  is  interesting,  as  showing  the  possibilities  of  this 
method  in  measuring  the  hydrolysis  of  salts. 

Two  series  of  experiments  were  tried,  in  the  dark,  at  So**  C. 
In  series  No.  i,  one  cc.  normal  formaldehyde  was  mixed  with 
one  cc.  normal  hydrogen  peroxide,  one  cc.  hundredth-normal 
caustic  potash,  and  seven  cc.  of  water  in  each  experiment.  In 
series  No.  2,  exactly  the  same  quantities  of  substances  were 
used,  except  that  instead  of  hundredth-normal  caustic  potash,  one 
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cc.  normal  sodium  acetate  was  employed.     The  coefficients  of 
velocity  obtained  in  the  two  series  are  given  in  Table  III. 

Tablb  III. 

Time.  Series  No.  i,  potas-  Series  No.  3,  aormal 

Minutes.  slum  hydroxide.  sodium  acetate. 

68  0.000141  0.0002x8 

90  0.000I4I  0.000209 

120  0.000156  0.000231 

Average    0.000146  0.000219 

These  results  would  indicate  that  at  this  temperature  and  dilu- 
tion, sodium  acetate  is  hydrolyzed  to  the  extent  of  over  one  per 
cent.  This  number  is  probably  not  far  from  the  truth.  A  more 
thorough  study  especially  of  this  last  phase  of  the  reaction  will 
soon  be  undertaken. 

State  College  op  Kentucky, 
Lexington,  July,  1898. 
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By  James  H.  Stbbbins. 

Received  December  15,  1898. 

MY  motive  in  taking  up  this  subject  again,  is  for  the  purpose 
of  clearing  up  certain  doubts  which  had  arisen  in  my 
mind,  in  connection  with  my  previous  experiments.* 

Photomicrographic  examinations  of  the  products  previously 
obtained  showed  so  many  different  forms  of  crystallization,  that  I 
was  led  to  believe  that  by  the  treatment  of  thymol  with  66"*  sul- 
phuric acid,  at  steam-bath  temperature,  possibly  several  isomeric 
acids  are  formed. 

To  gain  more  light  upon  this  question,  therefore  the  following 
experiments  were  made  : 

Sixty  grams  of  powdered  thymol  were  heated  in  a  beaker  on 
the  water-bath,  under  constant  stirring,  with  fifty  grams  of  66" 
sulphuric  acid,  until  the  mixture  solidified  to  a  crystalline  mass, 
which  occurs  after  nine  to  ten  minutes'  heating. 

As  previously  noted,  a  small  quantity  of  a  clear,  oily-looking 
liquid  separates,  on  pressing,  from  the  crystalline  cake.  This, 
on  being  poured  off  into  a  beaker,  solidifies  on  cooling  to  a  mass 
of  minute  white  needles. 

1  Read  by  title  before  the  New  York  meetingr  of  the  American  Chemical  Society. 
December  38,  1898. 

s  This  Journal,  3,  103,  no,  (/S8/). 
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This  product  was  marked  **A'*  and  set  aside  for  further  exam- 
ination. 

The  main  crystalline  mass  or  product  **B'*,  resulting  from  the 
action  of  sulphuric  acid  on  th3^moI,  was  dissolved  in  hot  water 
and  filtered  from  a  small  quantity  of  a  dark  oily-looking  liquid 
which  floated  on  its  surface  and  which  appeared  to  b^  thymol. 
The  filtrate  was  then  neutralized  with  barium  carbonate,  filtered 
from  the  barium  sulphate,  and  concentrated  on  the  water- bath, 
till  crystals  began  to  show  on  the  surface  of  the  liquid.  It  was 
then  set  aside  to  crystallize. 

A  large  crop  of  white  flat-sided  prisms  was  obtained.  These 
were  sucked  as  free  from  mother-liquid  as  possible,  by  the  aid  of 
a  suction-pump  and,  after  pressing  between  folds  of  filter-paper, 
were  redissolved  in  a  small  quantity  of  hot  water  and  the  solu- 
tion set  aside  to  crystallize. 

A  barium  salt  ''B''  is  thus  obtained,  which  contains  water  of 
crystallization,  a  part  of  which  is  lost  on  exposure  to  the  air,  or 
over  sulphuric  acid,  and  the  whole  of  it  is  driven  off  under  par- 
tial decomposition  of  the  salt,  when  the  latter  is  heated  to  100". 

One  of  the  peculiarities  of  this  salt,  is  the  fact  that  it  crystal- 
lizes from  water  in  several  crystalline  forms,  according  as  to 
whether  the  crystallization  is  allowed  to  take  place  gradually  or 
rapidly. 

By  the  slow  evaporation  of  its  aqueous  solution,  it  is  obtained 
in  the  shape  of  rhombic  plates  or  prisms  (Figs,  i  and  2).  By 
a  more  rapid  evaporation  of  the  aqueous  solution,  it  may  be 
obtained  in   striated  crystals,    radiating  from    a  common   center 

(Fig.  3). 
0.9324  gram  substance,  dried  at  100",  lost  0.0724  gram  water, 

equal  to  2.55  molecules, — or  in  round  numbers  2|  molecules  of 
water  of  crystallization. 

0.760  gram  substance,  dried  at  100®,  gave  0.2961  gram  bar- 
ium sulphate. 

Theory  for 

f(C.H,)(CH,)(C,HO<^         )   Ba. 

V  ^SO.y,  Pound. 

Ba ^ 23.02  22.90 

2jH,0 703  784 

Therefore   the  barium  salt  of  what  I  will  temporarily  call 
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alphathymolsulphonic  acid  has  the  following  empyrical  formula: 
C(C.H,) (CH.)  (C.H,)<:^       )    Ba  +  2j  H.O. 

A  comparison  of  my  product  with  the  barium  salt  of  the  alpha- 
thymolsulphonic acid,  described  by  Kngelhardt  and  LatschinoS/ 
shows  that  they  are  identical  in  all  respects,  save  the  water  of  crys- 
tallization. Engelhardt  and  Latschino£f  claim  two  molecules  of 
water  of  crystallization  for  their  barium  salt,  while  I  find  that 
mine  crystallizes  with  two  and  one-half  molecules  of  water  of 
crystallization. 

The  barium  salt  of  alphathymolsulphonic  acid,  above  described, 
is  very  easily  soluble  in  water  and  alcohol,  from  which,  as  already 
stated,  it  crystallizes  in  various  forms,  dependent  upon  the  man- 
ner in  which  crystallization  is  brought  about. 

FREE  AI^PHATHYMOI^SULPHONIC  ACID. 

In  one  of  my  previous  papers'  a   method  was   described  for 
obtaining  this  compound  from  its  lead  salt,  by  precipitating  the 
lead   with  hydrogen  sulphide.     It  may,  however,  also  be  pre- 
pared from  its  barium  salt,  by  treating  the  latter  with  sufficient 
sulphuric  acid  to  precipitate  out  all  the  barium  present  as  bar- 
ium   sulphate.      The    latter    is  then  collected   upon  a  filter, 
washed,  and  the  filtrate  concentrated  to  the  consistency  of  a 
sirup  on  the  water-bath.   On  standing,  the  free  thymolsulphonic 
acid  crystallizes  out,  in  the  shape  of  rhombic  plates  or  tables 
(Fig.  4).     If,  however,  the  sirup  be  agitated,  or  better  still,  if 
the  bottom  of  the  crystallizing  dish  be  scratched  with  a  glass 
rod,  the  sulphonic  acid  will  be  obtained  in  the  shape  of  rhombic 
prisms  grouped  together  fern-shaped  and  may  at  times  be  accom- 
panied by  some  rhombic  plates  (Fig.  5).     It  is  freely  soluble  in 
both  hot  and  cold  water  and,  as  previously  noted,  was  found  to 
melt  at  9i''-92''  C.     Since  in  my  previous  papers  no  attempt  was 
made  to  determine  the  true  constitution  of  this  interesting  body, 
it  was  thought  that  a  little  more  light  upon  the  subject  would 
not  only  be  interesting  but  desirable.     To  gain  this  information, 
it  was  decided  to  submit  the  sulphonic  acid  to  the  action  of  ox- 
idizing agents,  with  the  view,  if  possible,  of  converting  it  into  a 

1  Ztschr.  Chem.^  1869^  p.  44. 
<  This  Journal,  3,  xxx  (iSSi). 
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quinone,  and  from  it  determine  the  true  constitution  of  the  thy- 
molsolphonic  acid.  For  this  purpose  the  following  experiment 
was  made  : 

Ten  grams  of  the  sodium  salt  of  alphathymolsulphonic  acid 
were  dissolved  in  100  cc.  of  water  and  to  the  solution  was  added  a 
solution  of  thirty  grams  potassium  bichromate,  and  ten  grams 
of  66^  stilphuric  acid  in  100  cc.  of  water.  The  mixture  was  now 
heated  under  a  reflux  condenser  for  about  one-half  hour  and 
then  submitted  to  steam  distillation.  A  yellow  oily  liquid  of  pen- 
etrating and  peculiar  smell,  passes  over  with  the  steam,  and 
solidifies  partly  in  the  condenser  and  partly  in  the  recipient,  to  a 
mass  of  yellow  crystalline  leaflets.  These  after  recrystallization 
from  alcohol  and  water,  have  the  constant  melting-point  of 
45.5^,  and  unite  with  hydroxylamine  chloride  to  form  a  well- 
characterized  oxime.  From  the  above  and  its  general  character- 
istics, it  was  identified  as  thymoquinone  of  the  following  consti- 
tution : 

C.H,— C  O    C— H 


c 


Therefore  as  in  the  process  of  oxidation,  the  HSO,  group  and 
OH  group  are  necessarily  replaced  by  the  two  CO-groups,  it  fol- 
lows that  the  constitution  of  my  thymolsulphonic  acid  must  be 
represented  by  the  following  formula : 


OH 
C.H,— C         C— H 


H— C         C— CH, 

\    ^ 

C 

HSO, 

That  is,  the  HSO,  group  stands  in  the  para  position,  in  rela- 
tion to  the  OH  group. 
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It  has  also  been  shown  by  Ad.  Claus,'  that  Kngelhardt  and 
Latschinofi's  alphathymolsulphonic  acid,isaparasulphonicacid, 
and  as  my  acid  is  identical  with  their  product,  it  follows  that 
this  is  an  additional  proof  of  the  correctness  of  the  constitutional 
formula  above  set  forth. 

Kngelhardt  and  LatschinofiF'  mention  two  other  isomeric  thy- 
molsulphonic  acids,  which  they  obtained  simultaneously  with 
the  para  acid,  and  which  they  designate  as  the  /?-  and  ;^-acid. 

These  are  separated  from  the  para  add  by  the  difference  in 
solubility  of  their  potassium  salts,  the  potassium  salt  of  the 
para  acid  being  much  more  freely  soluble  than  the  potassium 
salt  of  the  /^-acid  (according  to  Claus,  the  jS-acid  is  the  ortho- 
sulphonic  acid  and  the  >^-acid,  a  mixture  of  para  and  disul- 
phonic  acids) . 

It  therefore  seemed  possible  that  by  my  mode  of  operating, 
isomeric  acids  might  likewise  be  formed  and  to  settle  this  ques- 
tion the  following  experiment  was  made  : 

The  mother-liquor  separated  from  the  barium  salt  of  thymol- 
parasulphonic  acid,  was  diluted  with  water,  heated  to  boilingand 
treated  with  sufficient  potassium  carbonate,  to  precipitate  all  the 
barium  present,  as  barium  carbonate.  The  latter  was  collected 
upon  the  filter,  washed  with  hot  water  and  the  filtrate  concentrated 
to  a  small  volume  by  evaporation  ;  no  crystals  of  a  difficultly 
soluble  potassim  salt  separated  on  cooling,  hence  Engelhardt  and 
Latschinoff's  /^-sulphonic  acid  or  thymolorthosulphonic  acid  was 
absent.  As  a  further  evidence  of  the  absence  of  the  ortho  acid, 
the  above  solution  was  evaporated  to  dryness,  and  the  dry  resi- 
due dissolved  in  ninety  per  cent,  alcohol,  in  which  it  is  very  sol- 
uble. On  cooling  no  separation  of  a  difficultly  soluble  potassium 
salt  occurred  and  it  is  only  after  evaporating  the  alcoholic  solu- 
tion to  the  consistency  of  a  sirup  and  allowing  the  latter  to  cool, 
that  I  was  finally  able  to  obtain  the  potassium  salt  in  a  crystal- 
line form.  The  product  thus  obtained  cr>'stallizes  from  alcohol, 
in  rhombic  crystals  which  are  freely  soluble  both  in  alcohol  and 
water.  From  water  it  crystallizes  in  flat-sided  needles.  A  com- 
parison of  this  salt,  with  the  potassium  salt  of  thyraolparasul- 
phonic  acid  described  by  Engelhardt  and  Latschiuoff ,  shows  that 
they  are  identical. 

\J.prakt.  CA4m.,iS,  334-355- 
«  Loc.  cit. 
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The  oily  product  *'  A**  referred  to  in  the  early  part  of  this 
paper,  as  being  formed  in  small  quantity  by  the  action  of  sul- 
phuric acid  on  thymol,  at  loo**,  crystallizes  on  cooling  to  a  white 
crystalline  mass  which,  when  viewed  under  the  microscope,  is 
seen  to  be  composed  of  a  multitude  of  little  white  needles  (Pig. 
6).  The  product  was  dissolved  in  cold  water,  heated  to  boiling, 
and  neutralized  with  barium  carbonate.  The  barium  sulphate 
formed  was  collected  upon  a  filter,  washed  with  hot  water,  and 
the  filtrate  concentrated  to  a  small  volume  on  the  water-bath. 

After  several  weeks'  standing  a  barium  salt  was  obtained  which 
crystallized  in  long  white  needles,  some  of  which  were  two  or 
three  centimeters  long.  The  yield  of  this  product  was,  how- 
ever, very  small,  hardly  enough  for  analysis  being  obtainable. 
It  is  exceedingly  soluble  in  water  and  for  this  reason  is  difficult 
to  obtain  in  a  crystalline  form.  It  crystallizes  with  water  of 
crystallization. 

0.3399  gram  salt,  dried  at  loo**,  lost  11.29  per  cent,  water. 

0.3012  gram  salt,  dried  at  100**,  gave  0.1472  gram  barium  sul- 
phate. 

Theory  for 

C,H(CH,)(C,Ht)OH<^    *NBa  +  sHjO. 

^SO/  Found. 

H,0 13.53  11.29 

Ba 30-78  28.71 

From  the  above  it  is  evident  that  the  barium  salt  analyzed  was 
not  pure,  but  as  the  figures  obtained  agree  much  better  with  the 
theory  for  a  disulphonid  acid  than  anything  else  coupled  with 
the  great  solubility  of  the  barium  salt,  I  am  inclined  to  believe 
that  what  I  had  in  hand,  was  a  barium  salt  of  thymoldisulphonic 
acid,  which  is  probably  represented  by  the  following  formula  : 

C.H(CH.)(C,H,)(OH)<;         >Ba  +  3H.O. 

Owing  to  the  small  quantity  of  material  at  my  disposal,  a  more 
thorough  examination  of  this  salt  was  impossible. 

To  recapitulate,  it  will  therefore  be  seen  that  the  only  two 
products  formed  by  the  action  of  66°  sulphuric  acid  on  thymol, 
at  the  temperature  of  boiling  water,  are  thymolparasulphonic 
acid  and  thymoldisulphonic  acid,  of  which  the  former  consti- 
tutes by  far  the  greater  portion,  while  the  latter  product  is  only 
obtained  in  very  small  quantity. 
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SHORT  time  ago,  I  published  two  papers^  on  this  subject, 
using  the  equation 

«!  +  ».  P      ' 

to  determine  the  molecular  weights  of  liquids  in  homogeneous 
liquid  mixtures.  Recently  some  more  measurements  of  vapor- 
pressures  of  solutions  have  been  published*  to  which  measure- 
ments this  equation  can  be  applied. 

Using  the  notation  and  arrangements  of  the  preceding  paper, 
we  get  the  following  two  tables : 
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The  plots  corresponding  to  these  tables  are  given  in  Pi^.   i 
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The  vapor-pressure  plot  of  benzene  indicates  a  slight  associa- 
tion of  carbon  tetrachloride  when  the  mixture  is  concentrated 
with  respect  to  carbon  tetrachloride,  but  a  slight  dissociation 
when  the  mixture  is  dilute  with  respect  to  it.  In  view  of  the 
nature  of  carbon  tetrachloride,  I  think  we  should  take  this  to 
mean  that  carbon  tetrachloride  has  a  normal  molecular  weight 
when  mixed  with  benzene. 

The  vapor-pressure  plot  of  carbon  tetrachloride  indicates  a 
slight  dissociation  of  benzene  when  the  mixture  is  concentrated 
with  respect  to  benzene,  but  not  enough  to  show  an  association 
of  the  benzene  molecules.  The  very  peculiar  plot  given  by 
Linebarger'  is  not  found  here. 

The  vapor-pressure  plot  of  toluene  indicates  an  association  of 
carbon  tetrachloride,  but  as  there  was  no  indication  of  associa- 
tion in  the  experiments  of  Linebarger,  I  think  we  are  to  con- 
clude that  carbon  tetrachloride  has  a  normal  molecular  weight  in 
toluene. 

The  vapor-pressure  plot  of  carbon  tetrachloride  would  indi- 
cate a  slight  dissociation  of  toluene,  but  this  is  hardly  admissi- 
ble, as  here  likewise  we  must  conclude  that  toluene  has  a 
normal  molecular  weight  in  carbon  tetrachloride,  particularly 
since  the  experiments  of  lyinebarger  point  to  the  same  conclusion. 

CjHjOH  AND  CeH«  (50°). 
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10  90  iio.o  264.4  205.1  4.4  705.0  9.0 

20  80  135-0  256.6  206.3  4-5  498.0  6.4 

30  70  151. o  248.0  213.5  4«^  401.0  5.1 

40  60  164.0  237.4  217.3  4.7  346.0  4.4 

50  50  1750  225.8  230.6  5.0  307.0  3.9 

60  40  185.2  207.6  226.3  4.9  281.0  3.6 

70  30  194.0  183.0  223.5  4.9  254.0  3.3 

80  20  203.2  146.0  2Ty.2  4.7  240.0  3.1 

90  10  21 1.4  96.4  228.8  5.0  226.0  2.9 

1  This  Journal,  17,  615,  690  US95) ;  Speyers  :  /.  pAja.  Chtm.,  a,  347  U^gS). 
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90         10        203.6  36.9         272.2         5.9         130.9         1.4 

The  plots  corresponding  to  these  two  tables  are  given  in  Fig. 
2.  We  see  from  the  vapor-pressure  of  alcohol  that  benzene  and 
toluene  are  polymerized  to  a  remarkable  degree  in  alcohol,  and 
very  equally  so  from  a  concentration  of  loo  per  cent,  gram- 
molecules  of  benzene  or  toluene  down  to  about  sixty  per  cent, 
gram-molecules  benzene  or  toluene,  but  from  about  sixty  per 
cent,  gram- molecules  of  these  two  liquids  down,  they  are  not 
equally  polymerized  in  alcohol.  The  vapor-pressure  plot  of 
alcohol  with  toluene  runs  so  as  to  indicate  a  normal  molecular 
weight  for  toluene  in  alcohol  when  the  mixture  is  dilute  with 
respect  to  toluene,  but  the  vapor-pressure  plot  of  alcohol  with 
benzene  does  not  indicate  a  normal  molecular  weight  for  benzene 
at  any  dilution. 

We  see  from  the  vapor-pressure  plot  of  toluene  that  alcohol  is 
highly  polymerized  in  toluene,  but  when  the  concentration  of 
the  toluene  is. high,  the  molecular  weight  of  the  alcohol  drops 
towards  a  normal  value.  This  corresponds  to  the  behavior  of 
toluene  in  alcohol. 

The  vapor-pressure  plot  of  benzene,  however,  indicates  that 
alcohol  is  highly  polymerized  in  benzene  at  all  concentrations. 
This  corresponds  to  the  behavior  of  benzene  in  alcohol.  On  the 
other  hand,  there  is  a  possibility  that  alcohol  has  a  normal 
molecular  weight  in  benzene  when  the  mixture  is  dilute  with 
respect  to  alcohol,  for  there  affe  two  observations  of  the  vapor- 
pressure  of  benzene  at  about  125  mm.  mercury,  which  lie  very 
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dose  to  the  diagonal.  If  these  observations  are  correct,  then 
alcohol  would  have  nearly  normal  molecular  weights  at  the  con- 
centrations corresponding  to  these  observations,  but  these  obser- 
vations are  so  different  from  the  other  ones  that  I  thought  it  best 
to  draw  the  plot  as  I  did. 

RUTOBKS  COLLBGB,  December  16. 1898. 


A  NEW  FILTERING  flEDIUMJ 

By  Gbo.  Wm.  Sargent  and  Jno.  Kirk  Faust. 

Received  November  >3, 1898. 

FOR  the  removal  of  manganese  dioxide  from  the  nitric  acid  in 
which   solution  it   has  been    precipitated    by  potassium 
chlorate,  a  glass  tube  similar  to  that  used  for  carbon  determina- 
tions, is  recommended.   The  bottom  of  this  tube  is  covered 
first  with  a  small  piece  of  glass  wool,  then  with  asbestos. 
This  we  used  for  some  time,  but  were  frequently  troubled 
by  the  precipitate  running  through,  unless  a  very  thick 
bed  of  asbestos  was  made.     In  this  case,  the  time  con- 
sumed in  filtering  was  very  considerable,  due  to  clogging 
of  the  filter  by  potassium  chloride  from  the  large  amount 
of  potassium  chlorate  necessary  to  oxidize  the  chromium 
which  was  present  in  considerable  quantities  in  the  steels 
dealt  with. 

After  some  experimenting,  we  adopted  the  following  as 
giving  the  most  satisfactory  results :  A  carbon  filtering 
tube  with  a  stem  five  inches  long  and  a  body  three  and 
one-half  inches  long  and  one  and  one-fourth  inches  in  di- 
ameter, is  filled  one- fourth  inch  with  pewter  sand,  a  small 
piece  of  glass  wool  being  used  to  retain  the  sand ;  over 
this  a  thin  layer  of  asbestos  is  formed  by  pouring  in  the 
asbestos  shaken  up  with  water  and  sucking  the  bed  dry. 
A  little  hot  dilute  nitric  acid  is  poured  back  and  forth 
through  the  tube  several  times,  when  it  is  ready  for  use. 

When  a  heavy  precipitate  is  encountered,  the  bulb  from  a 
syringe  is  used  to  force  air  into  the  tube  and  drive  the  liquid 
through,  care  being  taken  to  keep  the  bulb  compressed  until  re- 
moved from  the  tube. 

We  have  found  that  the  quickest  and  best  way  to  wash  the 
manganese  dioxide  consists  in  allowing  the  nitric  acid  to  run 
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entirely  through  the  filter,  then  washing  all  the  residue  in  the 
beaker  into  the  tube  with  cold  water,  and  as  soon  as  the  filter 
has  drained,  washing  out  the  potassium  chloride  with  hot  water. 
The  filter  and  manganese  dioxide  are  blown  out  into  the 
beaker  and  the  dioxide  reduced  with  ferrous  sulphate,  etc. 
The  sand  and  asbestos  are  recovered  and  used  time  and  again. 
The  washings  and  nitric  acid  filtrate  were  examined  and  found 
free  from  manganese.  In  this  filtrate  the  chromium  was  deter- 
mined by  adding  ice  and  reducing  the  chromate  with  ferrous 
sulphate,  etc' 

This  sand  filter  was  used  for  the  removal  of  ammonium  phos- 
phomolybdate  from  the  solution  in  which  it  was  precipitated.  It 
was  found  best  to  place  a  few  pieces  of  glass  rod  upon  the  asbes- 
tos to  hold  it  in  position  when  the  solution  was  first  being 
poured  upon  the  filter.  With  this  device,  we  have  found  the 
freeing  of  the  precipitate  and  filter  of  molybdic  acid  to  be  more 
easily  and  more  quickly  accomplished  than  when  paper  filters 
were  used.  The  phosphomolybdate  has  a  tendency,  as  all 
know,  to  *  creep,*  and,  unless  the  filter  is  fitted  properly  to  the 
funnel,  to  get  into  the  filtrate.  This  trouble  is  avoided  by  the 
sand  filter.  To  dissolve  the  precipitate,  the  ammonia  solution 
is  poured  through  the  filter  two  or  three  times  and  finally  washed 
out  with  hot  water.  A  number  of  determinations,  using  the 
sand  and  paper  filters  side  by  side,  have  been  made  on  the  same 
sample  and  the  results  obtained  agreed  to  a  thousandth.  It  was 
found  best  to  wash  the  sand  filters,  used  to  catch  the  ammonium 
phosphomolybdate,  with  ammonia  as  well  as  with  nitric  acid, 
since  in  the  ammonia  washings  silica  and  alumina  were  found, 
and  these  would  tend  to  clog  the  reductor. 

Once  made  up,  they  stand  ready  for  repeated  use,  and 
besides  saving  time  they  save  considerable  money,  especially 
where  many  determinations  are  made.  By  these  filters,  one 
man  was  able  to  turn  out  in  one  day  forty-two  phosphorus 
determinations,  and  every  precipitate  was  washed  until  the 
droppings  from  the  tube  gave  no  reaction  for  molybdenum  when 
tested  with  ammonium  sulphide. 

The  cut  shows  clearly  the  man       of  making  up  these  filters. 

Chemical  Laboratory,  Carpenter  Stbbl  Co., 

Reading,  Pa. 

1  "Methods  for  the  Analysis  of  Ores.  Pig  Iron,  and  Steel."  compiled  from  the  Tmnsac- 
lions  of  the  Chemical  Section  of  the  Engineers'  Society  of  Western  Pennsylvania. 
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SILICA  AND  INSOLUBLE  RESIDUE  IN  PORTLAND  CEHENT. 

By  p.  W.  Shiicer. 
Received  Febitiary  14, 1899. 

IT  is  desired,  in  this  brief  note,  to  call  attention  to  a  possible 
source  of  error  in  the  determination  of  silica  in  cement,  as 
usually  carried  out  in  many  laboratories.  In  the  method  almost 
universally  used  the  steps  are  as  follows  :  Solution,  with  careful 
stirring,  in  either  hydrochloric  acid  alone,  or  with  addition  of 
nitric  acid ;  evaporation  to  dryness;  solution,  filtration,  and 
ignition  of  the  siliceous  residue,  without  treatment  with  hydro- 
fluoric acid.  The  insoluble  residue  is  calculated  as  silica.  The 
results  are  claimed  to  be  accurate  to  within  0.20  per  cent.,  and 
it  is  no  doubt  true,  as  claimed,  that  it  is  not  possible  to  get 
duplicate  samples  of  cement  from  the  same  bins,  in  which  the 
average  disagreement  will  be  less  than  this.  If  the  error  in  the 
silica  determination  were  no  greater  than  0.20  per  cent.,  it 
would  not,  practically,  be  important. 

The  writer  has  recently  met  with  four  samples  of  Portland 
cement  in  which  the  differences  between  the  silica  determined 
by  solution  in  hydrochloric  acid  and  by  the  fusion  method  were 
2.48,  2.46,  1. 10,  and  1. 00 per  cent.  If  the  silica  determined  by 
the  acid  method  were'treated  with  hydrofluoric  acid,  there  is  no 
doubt  the  results  by  that  method  would  be  sufficiently  accurate. 

In  the  case  where  there  was  a  difference  of  2.48  per  cent, 
between  the  silicas  by  the  two  methods,  we  have  complete 
analyses  of  the  cement  by  each  method  of  solution.  The  silica 
by  the  acid  method  was  2.48  per  cent,  high,  while  all  the 
other  determinations  were  correspondingly  lower  than  the  deter- 
minations by  the  fusion  method.  Alumina  was  1.24  pe^  cent, 
low ;  ferric  oxide  was  0.64  per  cent,  low  ;  lime,  0.28  per  cent.  ; 
magnesia,  0.12  per  cent.,-  and  sulphur  trioxide  was  0.14  per 
cent.  low.  The  total  of  these  differences  is  2.42  per  cent.,  thus 
showing  conclusively  to  what  the  contamination  of  the  silica  by 
the  acid  method  was  diie. 

The  discrepancies  in  the  other  three  analyses  are  similarly 
accounted  for.     The  excess  of  2.46  per  cent,  in  the  silica  by  the 
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acid  method  in  the  second  sample,  is  balanced  by  a  deficiency 
of  2.30  per  cent,  in  the  other  determinations.  The  excess  of 
1. 10  per  cent,  in  the  silica  by  the  acid  method  in  the  third 
cement,  is  balanced  by  a  deficiency  of  0.96  per  cent,  in  the  other 
determination. 

The  excess  of  i.oo  per  cent,  in  the  silica  by  the  acid  method 
in  the  fourth  cement,  is  balanced  by  a  deficiency  of  1. 12  per 
cent,  in  the  other  determinations.  It  is  interesting  to  note,  in 
this  connection,  that  the  physical  tests  of  the  first  two  samples  of 
cement,  which  showed  differences  of  2.48  and  2.46  per  cent, 
between  the  two  silicas,  showed  marked  inferiority  as  compared 
with  the  two  samples  in  which  the  differences  between  the 
silicas  were  i.io  and  i.oo  per  cent. 

This  would  point  to  insufficient  clinkering  or  sintering  of  the 
first  two  cements.  In  other  words,  the  burning  of  the  cement 
was  not  at  a  high  enough  temperature,  or  was  not  continued 
long  enough  to  completely  decompose  the  insoluble  silicates  of 
alumina  and  to  convert  them  into  silicates  and  aluminates 
decomposable  by  hydrochloric  acid.  I  have  no  doubt  what- 
ever, that  when  a  Portland  cement  is  properly  compounded  and 
correctly  burned,  the  silicates  and  aluminates  are  easily  decom- 
posable by  hydrochloric  acid,  and  therefore  the  silica  may  be 
determined  with  very  close  approximation  to  the  correct  figures 
by  the  acid  method.  On  standard  cements,  of  good  reputation, 
I  have  never  found  a  greater  difference  than  0.20  per  cent, 
between  the  silicas  by  the  two  niethods.  However,  when  the 
cement  is  not  properly  compounded  and  correctly  burned,  there 
will  be  a  notable  difference  between  the  two  silicas.  The  deter- 
mination of  silica  by  the  two  methods  would  thus  appear  to  fur- 
nish an  excellent  means  of  getting  valuable  information  as  to 
the  quality  of  the  cement.  When  the  two  silicas  ag^ee,  it 
means  that  all  silicates  and  aluminates  are  decomposed  by 
hydrochloric  acid,  and  therefore  are  in  an  active  hydraulic  con- 
dition. When  there  is  a  large  difference  between  the  two 
silicas,  it  means  the  presence  in  the  cement  of  unconverted  and 
inert  silica  and  alumina.     In  other  words,  the  clay  matter  that 

« 

the  burning  should  have  converted  into  active  hydraulic  com- 
binations with  lime,  remains  unconverted  and  inert. 

In  a  sample  of  natural  cement  of  low  grade  the  silica  by  fusion 
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was  26.90  per  cent. ;  by  the  acid  method  it  was  31.45  per  cent., 
a  difference  in  this  case  of  4.55  per  cent.,  proving  conclusively 
that,  while  the  acid  method  may  be  very  useful  when  used  by  an 
experience  chemist  at  a  cement  works  making  regularly  a 
uniform  product,  it  is  not  at  all  to  be  relied  on  as  a  universal 
method  to  be  used  indiscriminately  for  the  determination  of  silica 
in  all  cements. 


[Contributions  prom  ths  United  States  Laboratory,  Boston, 

Mass.] 

ANALYTICAL  RESEARCH  ON  SOD  OIL. 

Bt  Ebastus  Hopkiks,  D.  L.  Coburn,  and  Bdw.  Spillbr. 

Received  November  3,  i8gS. 

EXCEPTING  among  the  tanners  very  little  is  known  of  this 
oil,  and  among  them  it  is  known  only  in  its  principal 
application!  Its  chemical  properties  are  little  known  and  the 
aim  of  this  paper  is  to  state  the  main  chemical  facts  regarding 
this  oil,  thousands  of  tons  of  which  are  used  each  year  in  the 
currying  of  leather. 

To  better  understand  what  sod  oil  is,  let  us  say  that  it  is  an 
oil  which  has  for  its  basis  various  non-drying  oils  and  greases, 
but  almost  exclusively  cheap  fish  oils.  These  oils  are  put  into 
the  leather  for  currying  purposes  and  the  excess  is  extracted  by 
various  methods.  The  extracted  oil  has  undergone  a  change 
from  the  original  oil  by  coming  in  contact  with  the  leather  and 
becomes  what  is  known  in  commerce  as  *sod  oil,'  more  highly 
valued  by  the  tanners  than  the  original  oil. 

In  "Oils,  Pats  and  Waxes,''  Benedikt  and  Lewkowitsch 
describe  this  oil  as  follows :  '*Sod  oil  or  d^gras  is  the  waste  fat 
obtained  in  the  chamoising  process  and  is  used  for  currying  pur- 
poses; i.  e.,  dressing  bark-tanned  leather."  D^gras  proper 
might  be  said  to  be  the  oil  obtained  from  skins  in  the  manufac- 
ture of  chamois  leath^,  while  its  allied  substance,  sod  oil,  is  the 
oil  obtained  from  ordinary  leather. 

The  principal  oils  used  from  which  to  make  sod  oil  are  men- 
haden and  cod  oils,  but  various  oils  (even  olive  oil)  and  greases 
may  be  used,  and  hence  give  to  the  sod  oil  a  variation  in  con- 
stants which  have  so  extended  a  range  that  they  might  not  be 
constants  at  all. 
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Sod  oil  has  the  odor  of  leather  and  is  generally  of  such  a 
character  that  it  forms  a  separating  emulsion.  The  color  may 
be  a  light  yellow  to  a  dark  brown.  Its  viscosity  may  vary  from 
that  of  a  pure  oil  to  a  thin  grease  with  a  specific  gravity  of  from 
0.96  to  0.99. 

The  noticeable  chemical  characteristics  are  the  presence  of  a 
so-called  '  d^gras  former'  hide  fragments,  and  a  high  ash  con- 
tent due  to  the  leather  from  which  the  oil  is  extracted. 
Another  point  of  interest  is  the  great  variation  in  moisture  and 
mineral  acid  of  the  oil,  as  well,  of  course,  as  of  all  its  constants. 

It  is  claimed  that  the  higher  the  percentage  of  *  dfegras  former* 
and  the  lower  the  percentage  of  mineral  acid,  the  more  valuable 
the  oil,  but  commercially  the  price  of  the  oil  does  not  seem  to  be 
governed  by  these  facts,  but  is  bought  and  sold  on  firm  names, 
which  is  undoubtedly  due  to  the  fact  that  tanners  still  work  by 
the  * 'thumb  rule*'  rather  than  by  being  advised  by  scientific 
•*isearch. 

We  hope  in  this  paper  to  bring  out  the  general  analytical  facts 
regarding  the  oil  itself  and  later  to  work  up  the  almost  unknown 
dfegras  former  which  is  described  as  a  resinous  substance  (not 
a  resin)  found  in  sod  oil,  melting  at  65**-67**,  and  showing  certain 
degrees  of  solubility  with  various  solvents.  D^gras  former,  as 
it  occurs  in  sod  oil,  can  be  extracted  from  sod  oil  by  petroleum 
ether,  but  in  its  pure  state  d^gras  former  is  insoluble  in  this 
menstruum. 

Sod  oil  contains  unsaponifiable  and  saponifiable  oil,  the 
unsaponifiable  being  undoubtedly  due  to  the  unsaponifiable 
matter  in  the  fish  oil  used.  It  contains  also  moisture,  soap  and 
hide  fragments,  ash  and  d^gras  former,  and  we  have  endeavored 
to  find  a  rapid  process  by  which  moisture,  oil,  soap,  and  hide 
fragments  could  be  determined  which  will  be  described  below 
under  that  subject.  The  samples  of  sod  oil  taken  were  com- 
mercial and  imported  sod  oils. 

MOISTURE,  oil.,  SOAP,  AND  HIDE  FRAGMENTS. 

After  some  preliminary  work  on  the  determination  of  moisture, 
oil,  soap,  and  hide  fragments,  it  was  found  that  the  methods 
described  by  Benedikt  and  I<ewkowitsch  were  rather  tedious, 
and  the  results  in  our  hands  were  unsatisfactory.     This  was 
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particularly  true  of  the  moisture  which  we  attempted  to  deter- 
mine by  weighing  the  oil  with  pure  ignited  sand  (enough  to 
absorb  it),  and  by  drying  at  120**  C.  in  a  drying  oven.  We  were 
unable  to  get  a  constant  weight  by  this  method,  the  oil  continu- 
ing to  lose  weight  even  after  five  or  six  days  drying. 

The  following  method  was  then  devised  and  found  to  give 
accurate  results : 

For  the  analyses  we  used  a  test-tube  of  sixty  to  eighty  mm.  in 
length  and  fifteen  to  twenty  mm.  in  diameter  with  a  small  hole 
blown  in  its  bottom,  and  furnished  with  a  platinum  wire  for  sus- 
pending the  tube  while  weighing.  A  small  wad  of  absorbent 
cotton  is  first  inserted  into  the  tube  (a),  then  an  ashless  filter 
paper  of  twelve  cm.  diameter  is  folded  about  the  finger  (placing 
the  tip  of  the  finger  in  the  center  of  the  paper)  and  placed  in 
the  test-tube  so  that  upon  withdrawing  the  finger  from  the  inside 
of  the  filter-paper,  the  paper  with  its  closed  end  on  the  cotton 
wad  takes  the  shape  of  the  test-tube  and  forms  a  filter-paper  cap- 
sule which  prevents  the  solid  matter  of  the  oil  from  being 
mechanically  carried  through  the  cotton.  The  capsule  is  made 
of  filter-paper  because  it  was  found  that  the  ordinary  capsule  is 


too  large  and  heavy  for  this  work.  The  inside  of  this  filter- 
paper  capsule  is  filled  with  closely  rolled  ashless  filter-papers  (d) 
and  a  cotton  wad  is  put  on  top  {c).  This  is  dried  and  weighed 
for  tare.  The  upper  wad  is  then  removed  and  the  sod  oil  intro- 
duced and  absorbed  by  the  filter-paper,  care  being  taken  that 
the  oil  does  not  saturate  the  lower  cotton  wad.  The  upper  wad 
is  then  replaced  and  the  weight  taken  gives  the  charge  of  oil. 
The  test-tube  after  weighing  is  placed  in  a  water-jacket  drying- 
oven  and  attached  by  the  lower  end  of  the  tube  to  a  suction-pipe 
which,  under  slight  pressure,  draws  hot  air  through  the  test-tube 
from  the  top,  out  through  the  hole  in  the  bottom.  By  using  a 
water-jacket  oven  the  temperature  is  ensured  to  remain  constant 
at  loo"*  C.  and  the  suction  of  hot  air  makes  the  drying  to  constant 
weight   rapid  when  compared  to  other  methods  used  for  the 
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diying  of  oils.  The  loss  in  weight  gives  the  moistnie.  The 
tube  containing  the  anhydrous  oil  is  placed  in  a  Soxhkt 
apparatus,  and  the  oil  is  extracted  by  40*  petiolenm-ether.  A 
weight  taken  on  the  dried  tube,  or  better  on  the  extracted  oil, 
gives  the  oil,  etc.,  soluble  in  petroleum-ether.  There  are  now 
left  in  the  tube  soap,  hide  fragments,  and  ash.  The  test-tube  is 
next  treated  in  the  Soxhlet  with  alcohol  which  extracts  the  soap. 
A  weight  on  the  tube  gives  (i)  by  loss,  soap,  etc.,  soluble  in 
alcohol,  (2)  hide  fragments  and  ash  insoluble  in  petroleum-ether 
and  alcohol,  and  upon  igniting  the  cotton  and  filter-paper  this 
ash  is  determined  and  the  difference  gives  the  amount  of  hide 
fragments. 

The  ash  found  is  lower  than  total  ash,  and  this  difference  is 
accounted  for  by  finding  fractions  of  the  ash  in  the  oil  and  soap. 
For  absolutely  accurate  analytical  work  the  ash  soluble  in  petro- 
leum-ether and  alcohol  should  be  determined  and  subtracted 
from  the  oil  and  soap  and  added  to  the  ash  of  ignition,  but  the 
error  is  so  small  that  for  commercial  work  this  can  be  omitted 
as  we  have  omitted  it  in  this  research.  Upon  making  determina- 
tions of  these  ash  fractions  we  have  found  that  their  sum  checks 
the  total  ash.  All  of  these  determinations  are  made  upon  one 
charge  which  is  an  advantage  in  itself. 

The  process  is  rapid  and  gives  very  accurate  results,  and  its 
use  is  not  in  any  way  confined  to  sod  oil,  but  may  be  used  in  the 
analysis  of  all  oils  and  greases  where  drying  and  extraction  are 
required.  Because  of  the  necessarily  small  test-tube  used  we 
found  that  a  Soxhlet  apparatus  with  a  two-inch  siphon  tube 
instead  of  the  regulation  four-inch  tube  was  better  adapted  to 
the  work. 

TOTAI,  ASH. 

This  is  determined  by  igniting  the  oil  in  a  tared  platinum 
dish.  The  ash  is  found  to  be  high,  and  consists  chiefly  of 
calcium,  iron,  and  the  alkalies  for  bases  with  carbon  dioxide  and 
sulphur  trioxide  for  the  acid  radical.  The  calcium  comes  from 
the  lime  used  in  liming  hides. 

D^GRAS  FORMER. 

For  this  determination  Jean*s  method,  mentioned  by  Benedikt 
and  Lewkowitsch,  was  followed  except   in  certain    modifica- 
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tions,  which  we  found  to  be  necessary  because  of  the  lack  of  con- 
cordant results.  His  method  advises  decantation  of  the  liquid 
from  the  crust  of  d6gras  •  former :  this  we  found  inaccurate 
because  by  decantation  small  pa;ticles  of  d^gras  former  were 
carried  away,  and  for  this  reason  we  used  a  filter  and  transferred 
the  crust  of  d6gras  former  upon  the  filter.  Another  point  which 
he  omits  to  state  is  that  oil  often  adheres  to  the  d^gras  former 
and  thus  causes  too  high  results;  this  we  obviated  by  washing 
the  d6gras  former  with  petroleum-ether  after  having  washed  it 
free  of  acid  and  salt.  Jean  dissolves  the  d6gras  former  in  ether 
but  we  found  that  it  took  too  long  and  too  much  solvent,  whereas 
it  is  readily  soluble  in  absolute  alcohol  and  gives  a  pure  product 
melting  at  the  required  temperature. 

Our  modified  Jean's  method  is  as  follows :  The  oil  is  sapon- 
ified according  to  the  method  for  the  determination  of  unsapon- 
ifiable  matter.  (The  unsaponifiable  number  may  thus  be 
determined  on  the  same  charge. )  The  saponifiable  matter  of 
the  sod  oil  which  contains  the  easily  saponifiable  d^gras  former, 
is  heated  to  drive  off  the  alcohol  and  ether  used  in  the  saponifica- 
tion. The  saponifiable  matter  is  taken  up  with  water,  and  the 
soap  is  precipitated  hot  with  an  excess  of  salt.  The  mixture  is 
cooled  and  filtered  off  into  a  beaker  and  hydrochloric  acid  is 
added  to  the  filtrate.  The  d^gras  former  is  precipitated  by 
hydrochloric  acid  in  flocks  which  unite  on  boiling  and  adhere 
to  the  sides  of  the  beaker  on  cooling,  leaving  a  soft  brown  crust 
on  the  top  of  the  solution.  The  liquid  is  filtered  off  (filtering 
being  used  rather  than  decantation  to  prevent  loss);  the  d6gras 
former  is  washed  with  water  free  from  acid  and  salt  and  then  with 
petroleum-ether  free  from  oil.  It  is  then  dissolved  on  the  filter 
with  absolute  alcohol ;  the  alcohol  is  driven  off  and  the  d6gras 
former  weighed.     This  d^gras  former  should  melt  at  65®-67®  C. 

GENERAL  ANALYTICAL  TESTS. 

The  analytical  tests,  common  to  oil  analysis,  and  made  by  us 
with  only  a  few  modifications,  were  the  determinations  of  total 
KOH,  mineral  acid,  total  acid,  from  which  were  calculated  the 
KOH  number,  ether  number,  and  free  fatty  acid  number,  also 
of  Reichert-Meissl,  iodine  value,  unsaponifiable,  and  iodine  of 
unsaponifiable.     All  of  these  were  calculated  to  anhydrous  sod 
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oil  and  also  to  mxinbexs  "'In  terms  of  oil,  etc..  soluble  in  petro- 
leamretfaer."  Tbe  methods  are  so  generally  well  known  that 
thej  are  not  given  excepting  wixere  modifications  of  the  same 
were  foond  advisable. 

The  total  KOH  was  determined  npon  two  and  ooe-half  grams 
of  the  oil  and  the  final  titration  was  made  with  half-normal 
hydrochloric  acid  with  phenolphthalein  as  indicator.  It  is 
rather  difficult  to  determine  the  end-point  in  these  oils  becanse 
of  the  high  color  of  the  oil,  bnt  if.  when  the  end-point  is  near, 
the  flask  is  vigorously  AaVi^Tt  a  foam  will  a{^>ear  on  the  surface 
of  the  liquid.  If  a  drop  of  phenolphthalein  is  now  added,  the 
foam  will  become  pink  until  the  neutral  point  is  reached.  The 
calculation  is  to  milligrams  of  potassium  hydroxide  per  one 
gram  of  sod  oil. 

The  mineral  acid  was  determined  by  boiling  in  distilled  water 
two  to  two  and  one-half  grams  of  the  sod  oil  and  washing^  on 
a  filter  with  hot  distilled  water  until  all  the  mineral  acid  was 
removed.  This  is  titrated  with  standard  sodium  hydroxide  and 
calculated  to  milligrams  of  potassium  hydroxide  per  one  gram  of 
sod  oil. 

The  total  acid  was  determined  by  dissolving  two  grams  of  oil 
in  hot  methyl  alcohol  in  which  all  the  free  acid  has  been  neutral- 
ized. This  alcoholic  solution  is  titrated  with  standard  sodium 
hydroxide  and  calculated  to  milligrams  of  potassium  hydroxide 
per  one  gram  of  sod  oil. 

The  KOH  number  is  calculated  as  the  difference  between  the 
total  KOH  and  mineral  acid. 

The  ether  number  is  calculated  as  the  difference  between  total 
KOH  and  total  acid. 

The  free  fatty  acid  is  calculated  as  the  difference  between  the 
total  acid  and  mineral  acid. 

The  Reichert-Meissl  value,  iodine  number  and  unsaponifiable 
number  were  determined  bv  the  common  methods  with  no  mod- 
ifications. 

The  petroleum-ether  used  throughout  these  experiments  and 
analyses  was  40''  naphtha  which  as  a  separating  medium  was 
found  to  be  essential,  and  as  a  solvent  acted  more  rapidly  and 
with  better  results  than  the  lower  fractions  of  naphtha. 

The   numbers  obtained   by   the  above   methods  differ   very 


ANALYTICAL  RESEARCH  ON  SOD  OIL. 


297 


18 
O 

I 


O  \0 


m  O 


N  \0 
fOOO 


ni  aiqnto.  -D^a  %^^    :g    5g    ASSES'? 

'IIO  JO  81IU9;  aiMCiM         .MMC1MMMMM 
•HCIHIi^l-IMI-lWMI-ll-IM 


^  00 
O    ^ 


•  ••••••••■•• 

Q>\OM0QOtOMiOvQT^MO\ 
<Sp    mO    TtOOOO    f^00^O    O     O 


£ 


•mnaioaidd  m    o^  00 
'110  jasuua;  ni        »-• 


'snojpiCqny  e«   10  00 


s 


O    10  (i 


Is. 


C*   fO   Qv  ^ 

to  ^  00    •-• 

•  •  •  • 

00    Tf-    eO   0      , 

M      CO    M 


^  M    ci    M 


8."^ 


^if  ?* 


VO 


g'8'J?8 


ro  «  vp    ^  M    «    M 

Ci       «       M  •- 


fOlOM       COM      lO^M 

W     M     M  '^ 


Wox 


low    ON  .    ^*«<^^wo   o^«   M 

"  *  •  •  ^  •  •        ^  •  •  •  • 

080  'a^0NOOoooS\ 

MMM  MMWMM 


'|oq 
-ooi«pnBJ3q)9  2   1?^ 


-mnaioiidd  m  006 
dxqnioini   q«v 


t^vo    »o»Ofowvo    10 


ro   M    M    M     M 

oooddddd 


-BiU|9p|H  o   M   M    •    M   d   ci   ^•   d   d   d   •-• 


IV.         «       ««.>/o   *^t^„      :t>«0OCOU^McOCi 


t«»0O 

10  \2> 


»Ot«»»OOOVOvO     «OfO 

»Ac^d»o6   »ovd  ^»o 
i^moo   loONioo^r* 


'djn)«)OK  io(Oc<   d»»od  ^fOM   d   *o«o 

M  M      IH      (O  CO  ^  CI 


>Q   o   »•   tc7oo   r«t<«iovooovo 

•q«B  iv)ox  «^^w    O    O^    cot>iioco.«   ^ 

6666^6666666 


2 


> 


:  (^  a 


KPQ>4pq>4pqpQpQmpqn 


M      M      CO 


iO>Ot^Q0(^0*-iM 


298     KRASTUS  HOPKINS,  D.  I,.  COBURN,  AND  BDW.  SPII«I<ER. 


S 

p 
a 

u 
•o  ■ 


to 

It 
n  < 


uaii)9  J^  ti  2 

n\  diqnios  'D^a  R  5  so 
*no  JO  SUU9)  ai        M 


8  !J^  s«?s?:;S- 


'snoapXqay 


s-« 


fS 


00    CI  0$ 


•^   M 


? 


t%  p  o 
00  1^  « 


<?« 


CO  eo  «0  w>  !tf" 
«0  O  00  >o    O 


O    O    »£>  M  >o  00 
10  ro  VO  00  >0    Ci 


OS  ^  ^O 


0>  Ov 


5 


M      M      M      fl 
M      10    10    •* 


-laqid  ON  ^  (o    •    r>«  M    10 
-mnaiojYad  »o  wr>  o^   •    ro  10  Os 

"ijo  jo  9tuja)  ni  ^  00  -^        Os 


OS  ON  M    to  OS  ^    ^ 


'snoapXqav 


O  00   «poo   OS  ^  «   lo  ^•SL  »^  ^ 


^00    t>.  ro   t'. 
vo   r^  *4'  000  00 


ss 


O    W 


SssS" 


«00    »0«    M©"-    t7>«OWOOOs 

o6iovpr%Tf-r««.^p  ^iom   o 
^t'.'^ci    t>»iooo   F»«    i/>\o    »o 


B 

3 

o 


•o 

II 


*nO|OSUI'4)ai     l-lNM  MtHMMN.  M 


00 


$8 


i/>«o«o*^*^w   r*<ifOfo 

t>»»«       M       M       M       OSOO^AM 


•.n«up«,uv  J  2  ?  a.g*^'  a  "8  'ft  3:5  8. 


M     M     n^     w     *• 


O 
fO 

06 


? 


10   OS  QQ     »0   eo  VO     OS 

3    «*>Osr*»OsMSOfpsO\0    0^<^ 
"^O     O     C    fOsO    i-400Ostnt<««OS 

e4      M      M      M  M 


g 

s 


-491(19  MvooD    .»>»osps^r%o«<i 
•ian9[OJi9<l  so»o2)    •    ««wr?>iosOin"^ 

'IP  JO  ffiiU9)  Di  **  ^r^ooosHieii-i 

OSOO    i^«O«Of^00sO^H^OMSO 
t«*C«sOrOM00a0Osi/>OSM()0 

•tnojp.Cqnv  ,;.eoMMM4tC.^;M«fOc^ 


C^    OS    M 


r»M\o   oosS**^58)«si8   »o 

H  so    10   OS  M    *< 


O 


eo  «    M    O 


.2 


•§2 
2  2 


00'20'SOOOOOP 


»*    W     rO^iOSOt^OOOsQ     M« 


ANAI«YTICAL  RBSKARCH  ON  SOD  OIL. 


'diq«9fnodvt 


%% 


00  ^  q6  3 


f«  ^•oo  o  ov  lo 

Ci     O    lOOD    M     OS 


■Bn  lodarooi  tiO^^o   2   Q   fOrowM    r*>io 


E 

P 

d 


OT  »Tqniot  '-9)9  qq 
*llo  |o  tnu9)  ai  (« 


NO 

lO 


'•noipXqay  ,;, 
c« 


OH  lO  O 


O  00    M  00 
«0   CO 


tSiM     tONQQ     ^     ^     r<»M     t>00 


^    M     »-i    M 


O  VO    M  00 


>5  av-^o\(So\»ooo  fooo 
•     ••••••••• 

8O»-i00^'^OmOm 
<^     M      M      M  M 


00  00    <o 

*       •       • 

0\S0 


V 

e 

9 

a 

1 


'i9q)a  vO    c« 
-nin9ioj)9d  'T'  •? 
ni  9iqnio«  -919  g  g 
*l|o  joeau9)  ai 

00  vg 
•snoip^qnv  ^   (^* 


o 

* 


C^o'0^*^OnoO\ 


!   M  ci  ip  lo  >^   d 
\o  00  ^o  r^oo  "^ 


O   00     M     I^ 
OH  rO  «0  to 


500 


v6 


10  O  .s 

»0    »«*  NO 


« 


00  00 


^  •o 


10  H> 


g>y ff'S  i^*^^ 


"?  9, 

**  «o  **  ^ 


»«  t^ 


as  o^  "^ 


1^ 


c< 


M    o 


S 

9 


s 

■ 

V 

o 


.mn9;S?9d<S>  8  N?  :  2^^  <»  5)v?^ 

... — .^-^■-..K..  .  •  .  .  M  •  •  m  m  m 


ai9(qnio«-Di9  ei    eo  c* 
'IP  JO  SIIU9)  ni 


«o  w    "^  >0    « 


to  w 


'snoapXqnv 


noQ>oo    ovi^u^nO   ^ 


o   to 
cJcJciciciMM«o<i 


eo  CI 


CI 

•O 


r^  ^0 

00   ^ 

•  • 

M      CI 


rO  ^ 
10   M 


^   rO>0    l^  lO  O 


ro  r^ 

fOOO 


eiwciMi-ifOMCicito 


•rt 


-nin9ioj)9d  *r  •<     . 
ni9iqnios-D59  j;;  «  "§. 

'lfO|0  6aU9)1II 


O  «  VO 

•H  «  so 

•  ■          •          • 

r<«  10  •>«    O 

on  «o  «     " 


•       •      •      , 

O   »o  to  0 

to   fOOO  VO 


fl 


to 


Mt>.\0»OvOW^O^vpQ>0«< 
t^M<S^iOI>*tOOvCl    O    C*vO 

'snoapiCuov  vd    »o  lo  ci  vo    t^  d    «>  ^  o"     '  "^ 

^  fOl^^tOOO^WPItOOO 


VO 


rO^OvtOOO     0>OvOQ     '-'     tOW 
^vOvO    M     M     Ov^OnO     iOVO     to 

t<*ci    ^sO    «0«    On»^^»^OhQ 
w    O^w    t^fO»^    w    to^to« 


I 


S    fl 


o  fl 


fl  a  fl  fl  fl  fl 


«-«00'~'0'^000000 


H«    CI    fO^»OvOt>.00     OvO«    W 


300  BERZBLIUS  MEMORIAL  SERVICES. 

widely,  as  can  be  seen  by  the  accompanying  tables,  and  this  is  true 
whether  the  numbers  are  referred  to  the  anhydrous  sod  oil  or  to 
the  **oil,  etc.,  soluble  in  petroleum  ether."  Calculations  were 
also  made  in  terms  of  ''oil,  etc.,  soluble  in  petroleum-ether  less 
d^gras  former,"  but  as  no  concordant  results  were  obtained  we 
did  not  think  it  necessary  to  add  another  column  of  figures. 

The  reason  for  this  variation  in  figures  seems  to  be  the  great 
variety  of  oils  which  are  used  for  the  making  of  sod  oil  as  well 
as  the  different  modifications  of  treating  the  same  initial  oil  by 
different  makers.  Still,  sod  oil,  by  a  complete  analysis  as 
described  above,  can  be  easily  distinguished  from  other  oils. 


CORRESPONDENCE  RELATING  TO  THE  BERZELIUS 

riEHORIAL  SERVICES. 

Held  in  Stockholm,  Sweden,  October  7,  1898,  on  the  occasion  of  the 
fiftieth  anniversary  of  the  death  of  Berzellus. 

**  The  American  Chemical  Society  : 

Messieurs,  chers  et  honoris  collfegues:  X  Toccasion  du  cin- 
quantieme  anniversaire  de  la  mort  de  Berzelius,  T  Academic  des 
Sciences  de  Stockholm,  la  Faculty  de  Medicine  de  Stockholm 
(Karolinska  Institutet),  T Academic  d*  Agriculture  et  la  Soci6tfe 
des  Mddecins  de  Sufede  se  proposent  de  cil^brer  la  memoire  du 
grand  savant  par  une  f^te  commemorative. 

Au  nom  de  ces  institutions  nous  avons  I'honneur  de  vous  prier 
de  bien  vouloir  d6l6guer  un  de  vos  membres  pour  prendre  part  k 
cette  'solennit6,  qui  aura  lieu  k  Stockholm  le  7  octobre  1898. 

Veuillez,  messieurs  et  chers  collogues,  agr6er  Tassurance  de 
nos  sentiments  les  plus  distingu6s. 

A.  E.  NORDENSKIOLD, 

L.  F.  NiLSON, 
F.  Lennmalm, 
Christian  Zoven, 
Severin  Jolin. 


**55i  Putnam  Ave.,  Brooklyn,  N.  Y., 

September  30,  1898. 

Dr.  a.  E.  Nordenskiold,  Academy  of  Sciences,  Stockholm, 

Sweden. 

Dear  Sir :  I  have  the  honor  to  acknowledge  the  receipt  of  the 
communication  sent  by  yourself  and  colleagues  announcing  the 
solemnities  in  commemoration  of  Berzelius,  on  the  occasion  of 
the  fiftieth  anniversar>'  of  his  death,  to  be  held  in  Stockholm, 
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October  7,  1898,  under  the  auspices  of  the  Academy  of  Sciences 
of  Stockholm,  the  Faculty  of  Medicine  of  Stockholm  (Karolin- 
ska  Institutet) ,  the  Academy  of  Agriculture,  and  the  Medical 
Society  of  Sweden. 

Permit  me  also  to  acknowledge  with  thanks  the  request  that 
the  American  Chemical  Society  send  one  of  its  members  as  a 
delegate  to  take  part  in  this  memorial  occasion,  and  to  express 
regret  that  at  the  present  time  none  of  our  members  are  available 
as  active  delegates  from  the  United  States.  I  take  pleasure  in 
informing  you,  however,  that  honorary  delegates  have  been 
chosen  to  represent  the  American  Chemical  Society,  and  to  pre- 
pare a  suitable  memorial. 

The  chemists  of  America  would  vie  with  those  of  the  old  world 
in  paying  their  tribute  of  reverence  to  the  name  and  fame  of 
Berzelius,  and  in  recognizing  his  distinguished  services  to  chem- 
istry and  kindred  sciences.  While  no  one  from  this  country 
may  be  able  to  participate  actively  in  the  solemnities,  we  would 
nevertheless  not  allow  the  occasion  to  pass  without  expressing 
our  great  interest  in  it,  and  the  profound  feelings  which  it 
awakens  among  the  chemists  on  this  side  the  Atlantic. 

The  following  named  are  the  members  appointed  as  honorary 

delegates  to  represent  the  American  Chemical  Society :. 

W01.COTT  GiBBS,  Chairman,^ 
George  P.  Barker, 
William  McMurtrie, 
Harvey  W.  Wiley, 
Albert  B.  Prescott, 
F.  W.  Clarke, 
J.  W.  Mallet. 

Very  respectfully  yours, 

Albert  C.  Hale, 

Secretary  of  the  American  Chemical  Society  J"^ 

The  following  cablegram  was  sent  in  time  to  be  received  at 
the  meeting : 

October  6,  1898. 
••To  A.  E.  NoRDENSKiOLD,  Academy  of  Sciences,  Stockholm, 
Sweden. 

The  American  Chemical  Society  reveres  the  memory  of  Berze- 
lias  who  conferred  luster  on  our  science. 

Charles  E.  Munroe,  President, 
Albert  C.  Hale,  Secretary.'' 

1  The  Committee  it  given  here  as  finally  constitnted. 


NOTE. 

A  Method  for  Cleansinf^  Burettes, — Globules  of  liquids  may 
adhere  to  the  inner  walls  of  burettes,  when  they  are  emptied. 
The  tendency  can  be  removed  by  allowing  a  weak  solution  of 
chromic  acid  to  stand  in  the  burette  for  a  few  hours. 

The  solution  may  be  made  by  adding  ten  grams  of  potassium 
bichromate  to  fifty  cc.  water  and  five  cc.  concentrated  sulphuric 
acid.  Pour  it  in  the  burette  and  allow  it  to  remain  over  night. 
The  solution  does  not  injure  the  rubber  tube  of  a  Mohr  burette. 
Wash  the  burette  well  with  water.  Wiluam  Glbnn. 
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Chbmische  Tbchnologib  an  dbr  UnivbrsitXtbn  und  Tbchnischen 
HocHSCHULBN  Dkutschi^ands.  By  Dr.  Pbrdinand  Fischbr,  Univer- 
sity of  Gottingen.  Braunschweig :  Friedrich  Vieweg  und  Sohn.  pp. 
54.     Price,  M.  1.25. 

In  1897  Dr.  Fischer  published  '*  Das  Studiumdertechnischen 
Chemie  an  der  Universitaten  und  technischen  Hochschulen 
Deutschlands,  und  das  Chemiker-Examen/'  in  which  he  set 
forth  the  status  of  the  subject  at  that  time.  The  present 
pamphlet  is  intended  merely  as  a  supplement  to  that  work.  It 
consists  of  abstracts  of  addresses,  papers,  and  published  articles 
by  leading  authorities  of  Germany,  with  comments  by  the 
author  (Fischer)  upon  some  of  the  articles. 

Chemical  technology  was  first  included  in  a  university  course 
at  Gottingen  in  1766  and  within  a  few  decades  nearly  all 
the  universities  included  it  as  a  major  course.  For  many  years 
at  Giessen,  Liebig  lectured  on  the  subject ;  an  interesting  pro* 
gram  of  the  chemical  course  there,  for  the  years  1809  to  1852 
inclusive,  is  given.  With  the  establishment  of  the  Technische 
Hochschule,  technical  chemistry  gradually  disappeared  as  a 
major  course  in  the  universities,  the  last  full  professor  in  this 
subject  being  Prof.  Wagner  of  Wiirzburg,  who  died  in  1880.  At 
the  present  time,  in  nearly  one-half  of  the  German  universities,  the 
subject  is  not  taught,  but  a  movement  is  now  on  foot  to  reestablish 
it  and  one  of  the  objects  of  this  book  is  to  further  the  movement. 

The  state  examination  of  technical  chemists  is  also  discussed 
and  apparently  much  difference  of  opinion  exists  among  the 
leading  chemists  as  to  its  desirability.  But  nothing  seems  to 
have  come  of  the  agitation  in  its  favor,  and  further  action  on  the 
question  is  indefinitely  postponed.     The  book  closes  with  a 
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Statement  of  the  purposes  of  the  '  *  Association  of  Laboratory 
Directors,  etc.,"  and  the  regulations  adopted  to  govern  exam- 
inations for  diploma  and  doctor's  degree.  P.  H.  Thorp. 

Laboratory  Work  in  Physiologicai,  Chemistry.  By  Predbrick  G. 
NovY,  Sc.D.,  M.D.,  Junior  Professor  of  Hygiene  and  Physiological 
Chemistry,  University  of  Michigan.  Second  Bdition,  Revised  and 
Bnlarged.    Ann  Arbor :  George  Wahr.     1898.    pp.  326.     Price,  I2.00. 

The  second  edition  of  this  work  is  wholly  rewritten,  and  is 
practically  a  new  book.  It  contains  directions  for  laboratory 
work  covering  the  various  food-stufis  and  the  fluids  and  secre- 
tions of  the  body,  together  with  brief  explanatory  descriptions  of 
these  substances,  and  is  designed  to  guide  the  student  in  the 
experimental  study  of  chemistry  in  its  broad  relations  to  phys- 
iology, hygiene,  and  disease.  In  the  latter  part  of  the  work, 
about  sixty  pages  are  devoted  to  quantitative  analysis.  The 
experiments  and  subject-matter  are  well  selected  and  concisely 
described  without  omitting  important  details.  The  course  may 
be  covered  by  a  class  devoting  a  half-day,  daily,  for  three  months 
to  the  work.  The  book  will  be  found  useful  both  in  under- 
graduate college  courses  and  in  the  medical  school  where  a  well- 
equipped  laboratory  is  at  the  command  of  students  and  teacher. 

A  noticeable  defect  in  the  application  to  clinical  use  of  the 
methods  taught  is  the  omission  of  definite  information  regarding 
physiological  variations.  Thus,  on  page  295,  we  read,  ''There 
is  an  excess  of  phosphates  in  the  urine  in  inflammatory  diseases 
of  the  nervous  system  and  in  rickets  and  osteomalacia.  There 
is  deficiency  in  indigestion  and  in  structural  diseases  of  the 
kidney;"  and  again,  "A  quantitative  analysis  will  show  the 
presence  of  an  excess  or  deficiency  of  phosphates."  In  descri- 
bing phosphoric  acid  in  urine,  the  text  states  *'0n  an  average 
2.5  g  of  P.O.  are  excreted  per  day."  What  variation,  then, 
from  this  amount  is  to  be  considered  an  excess  or  deficiency  ? 
The  author  does  not  state.  If  the  determination  is  to  serve  any 
practical  purpose,  evidently  some  more  definite  method  of  inter- 
pretation of  the  result  obtained  must  be  available.  This  is  like- 
wise true  of  the  amounts  of  the  constituents  of  the  gastric  juice, 
breast  milk,  etc.,  as  well  as  of  urine.  Information  along  these 
lines  is  looked  for  and  best  taught  with  the  technical  methods 
to  be  employed. 

Prof.   Novy's  work  marks  a  distinct  advance  in  a  field,  the 


304  NEW   BOOKS. 

future  of  which  is  as  promising  as  that  of  any  department  of 
experimental  physiology  and  medicine.  His  work  is  a  foremost 
laboratory  guide  in  a  subject  demanding  a  place  in  the  curric- 
ulum of  every  medical  school  which  undertakes  to  instruct  its 
students  in  the  technic  of  modem  scientific  medicine. 

E.  E.  Smith; 

Elbctrolysis  and  Bi<ectrosynthbsis  of  Organic  Compounds.  By 
Dr.  Wai<THBR  Lob,  Privatdocent  in  the  University  of  Bonn.  TransU- 
ted  by  H.  W.  F.  Lorbnz,  A.M.,  Ph.D.,  Graduate  of  the  University  of 
Berlin.    New  York  :  John  Wiley  and  Sons.     Price,  f  i.oo. 

This  unpretentious  little  volume  gives,  in  the  space  of  about 
loo  pages,  what  may  be  fairly  termed  the  substance  of  all  that 
has  been  accomplished  by  the  electric  current  in  the  domain  of 
organic  chemistry.  The  most  recent  views  in  regard  to  reduc- 
tions and  oxidations  are  given  in  sufficient  detail  to  satisfy  the 
inquiring  student.  The  first  half  of  the  book  considers  the  ali- 
phatic compounds,  the  second  half  the  aromatic  derivatives.  It 
must  be  remarked,  however,  that  the  completeness  of  such  works 
as  those  of  Tommasi  and  of  Peters  is  not  found  here,  although 
the  essentials  and  the  latest  results  are  everywhere  present.  It 
is  a  most  suggestive  compilation  and  the  student,  eager  to  take 
up  problems  in  this  comparatively  new  field  of  research,  will  find 
hints  upon  almost  every  page  as  to  lines  of  investigation,  which 
would  amply  repay  his  experimental  inquiries.  Not  as  a  criti- 
cism, but  simply  to  arrest  an  erroneous  notion  the  reviewer 
would  call  attention  to  a  statement  made  on  page  id,  relating  to 
the  electrolysis  of  metallic  acetates.  It  is  there  said  of  uranium 
acetate  that  from  its  solution  the  current  separates  the  metal, 
which  passes  to  the  anode.  This  is  wrong.  Metallic  uranium 
cannot  be  obtained  in  this  way.  It  is  the  hydrate  which  is 
deposited  at  the  cathode.  Again,  on  page  25  occurs  the  sentence 
*  *  on  this  property  depends  the  great  importance  of  oxalic  acid 
in  quantitative  electrolytic  analysis,  into  which  it  has  been 
introduced  by  Classen."  Would  it  not  be  just  as  well  to  credit 
Parodi  and  Mascazzini  with  having  first  applied  oxalic  acid  in 
this  way  ?  They  first  used  this  acid  in  the  electrodeposition  of 
iron,  after  which  Classen  extended  its  use  by  the  elaboration  of 
methods  for  the  electrolytic  determination  of  other  metals.  The 
closing  paragraph  of  the  book  calls  attention  to  the  '*  important 
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points  which  promise  to  be  of  great  assistance  •  •  •  in  connection 
with  future  research  in  the  field  of  organic  chemistry ;  •  •  •  the 
oxidation  reactions  which  occur  in  the  electrolysis  of  acids  of  the 
aliphatic  series,  the  reduction  reactions  in  the  case  of  the  aro- 
matic series,  and  lastly  the  reactions  involving  substitutions.  •  •  • 
Of  these  the  first  is  apparently  the  most  promising.  *  *  The  transla- 
tor has  performed  his  task  with  great  credit  to  himself. 

The  reviewer  has  read  the  book  with  pleasure  and  profit,  and 
is  confident  that  it  will  be  regarded  as  a  welcome  addition  to  our 
rapidly  increasing  electrolytic  literature. 

Edgar  F.  Smith. 

Michael  Faraday,  His  Life  and  Work.    By  Si^vanus  P.  Thompson. 
New  York:  The  Macmillan  Co.     1898.     zii+3o8pp.     lamo.    Price, 

I1.25. 

The  **  Century  Science  Series*',  of  which  this  volume  forms  a 
part,  has  already  issued  biographies  of  Pasteur,  Davy,  Dalton, 
and  Liebig,  as  well  as  of  men  of  science  distinguished  in  other 
departments  than  chemistry  ;  but  no  one  of  those  known  to  the 
writer  is  so  charmingly  written  as  that  under  review.  Professor 
Thompson,  it  is  true,  had  an  uncommon  man  to  portray,  simple 
in  his  nature  and  grand  in  his  achievements,  and  the  biographer 
has  most  successfully  depicted  both  characteristics.  Michael 
Faraday's  life  is  attractively  described  by  one  who  sympathizes 
thoroughly  with  the  gentle,  lovable  man,  and  at  the  same  time 
his  scientific  work  is  skilfully  reviewed  by  one  well  qualified 
by  his  own  attainments  to  understand  and  appreciate  it. 

In  his  preface  Dr.  Thompson  refers  to  the  previous  biographies 
of  Faraday  by  Bence  Jones,  Tyndall  and  Gladstone,  each  having 
special  merits,  and  modestly  says  *'  there  seems  room  for  another 
account  of  the  life  and  labours  of  the  man  whose  influence  upon 
the  century  in  which  he  lived  was  so  great",  and  this  volume 
justifies  the  remark. 

If  there  be  such  a  thing  as  the  '*  spontaneous  generation"  of 
genius  surely  Faraday  affords  a  striking  example ;  the  son  of 
a  working  blacksmith  and  a  farmer's  daughter,  bom  in  humble 
circumstances  in  a  village  near  London,  receiving  very  little 
schooling,  serving  seven  years  of  apprenticeship  to  a  bookbinder, 
reaching  the  age  of  twetity  )>eiore  he  had  an  opportunity  of 
attending  a  single  lecture  on  natural  philosophy,  these  condi- 
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tions  would  hardly  be  deemed  favorable  for  producing  an  intel- 
lectual genius,  a  master  in  science,  whom  all  peoples  on  earth 
delight  to  honor.  That  Faraday  attained  such  eminence  is 
plainly  due  to  two  controlling  factors  in  his  moral  nature,  an 
intense  love  for  the  truths  of  nature  and  indefatigable  persever- 
ance, both  of  which  were  applied  to  overcoming  obstacles  that 
had  baffled  many.  Faraday's  first  menial  position  with  the 
rather  haughty  Davy,  their  travels  on  the  continent,  which 
afforded  Davy's  * 'valet*'  so  much  distress  as  to  partly  counter- 
balance the  advantages  ;  Faraday's  early  studies  at  the  Royal 
Institution,  becoming  so  noteworthy  as  to  arouse  some  jealousy 
in  Davy,  who,  however,  soon  learned  to  appreciate  the  rising 
philosopher;  the  simple  life  of  the  assistant  with  his  bride  in  two 
rooms  at  the  top  of  the  Royal  Institution,  on  ;^ioo  a  year;  his 
admission  into  the  Royal  Society ;  all  these  interesting  details 
are  narrated  in  the  first  two  chapters.  Then  follows  an  account 
of  the  masterly  researches  in  electricity  and  magnetism,  which 
for  convenience  is  divided  into  three  periods  ;  two  chapters  are 
devoted  to  the  circumstances  of  his  later  life  and  to  his  views  on 
the  pursuit  of  science  and  on  education,  and  a  final  chapter-deals 
sympathetically  with  the  religious  views  of  the  simple-minded 
Sandemanian. 

Through  the  pages  of  the  volume  are  interspersed  letters  writ- 
ten by  Faraday  to  his  intimate  friends,  facsimiles  of  the  rude 
sketches  of  novel  apparatus  drawn  in  his  note-books,  and  a  few 
woodcuts  of  scenes  and  object^  associated  with  him. 

Dr.  Thompson  remarks  that  he  never  ceases  to  regret  that  he 
never  met  Faraday,  but  no  one  of  those  who  did  know  him  has 
so  well  portrayed  him.  A  charming  portrait  of  Faraday  etched 
by  Dr.  Thompson  forms  the  frontispiece  to  a  biography  that 
ought  to  be  studied  by  every  one  interested  in  the  development 
of  the  physical  sciences.  Henry  Carrington  Bolton. 

TazT-BOOK  OP  Medical  and  PharmacbuticXl  Chbmistry.  By  Blias 
H.  Bartlby,  B.S.,  M.D.,  Ph.G.  Fifth  Edition,  Revised  and  Enlarged. 
Philadelphia  :  P.  Blakiston's  Son  and  Co.    1898.    738  pp.    Price  I3.00. 

The  demand  for  a  fifth  edition  of  a  work  is  a  most  substantial 
tribute  to  its  merit.  A  quality  that  has  largely  contributed  to 
create  such  a  demand,  in  this  instance,  is  that  the  subject-mat- 
ter of   Prof.  Hartley's  work  is  especially  adapted  to  meet  the 
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requirements  of  those  for  whom  the  book  is  designed.  It  is  not 
too  voluminous  for  the  medical  and  pharmaceutical  student  nor 
too  foreign  to  his  interests. 

In  Part  i  (about  70  pages)  the  author  presents  the  fundamen- 
tal facts  of  chemical  physics.  Part  2  (about  40  pages)  is  devoted 
to  theoretical  chemistry,  followed  in  Part  3  (nearly  200  pages) 
by  descriptive  inorganic  chemistry.  The  author  adopts  Men- 
delejeff's  classification  of  the  elements,  at  the  same  time  retain- 
ing the  distinction  of  metals  and  non-metals.  Part  4  ( 234  pages) 
is  occupied  with  descriptive  organic  chemistry,  including  vege- 
table and  animal  proximate  principles.  The  last  section  of  the 
text,  Part  5  (137  pages),  is  devoted  to  physiological  and  clinical 
chemistry.  The  author's  familiarity  with  the  subject  and  good 
judgment  in  the  selection  of  material  are  well  illustrated  in  the 
chapter  on  foods  and  diets  which  contains  in  less  than  thirty 
pages  an  unusually  comprehensive  and  yet  simple  presentation 
of  the  chemistry  of  these  subjects. 

It  is  to  be  regretted  that  the  author  does  not  insist  upon 
numerical  urinary  standards.  An  attempt  to  judge  of  the 
amounts  of  various  constituents  of  urine  by  observing  the  bulks 
formed  when  they  are  precipitated  is  of  little  real  value.  Such 
methods  are  not  chemical  analysis  and  have  no  place  in  a  chem- 
ical text-book.  Moreover,  they  rob  the  clinician  of  what  service 
a  real  knowledge  might  render. 

The  historical  lists  of  tests  for  albumin  and  sugar  in  urine, 
which  the  text  records,  could  with  advantage  be  replaced  by 
descriptions  of  selected  methods.  It  is  the  more  desirable,  in 
this  instance,  since  these  tests  are  so  important  and  3^et  con- 
fusing to  those  unaccustomed  to  urine  analysis. 

An    appendix    of  twenty    pages   containing    various  tables 

increases  the  value  of  the  book  for  reference,  while  a  glossary 

and  complete  index  render  its  subject-matter  readily  available. 

It  is  not  speaking  too  highly  of  Prof.  Hartley's  work  to  say  that 

I      it  takes  first  rank  among  text-boks  on  medical  and  pharmaceuti- 

I      cal  chemistry.  E.  E.  Smith. 

i  Essentials  of  Materia  Mkdica,  Therapbutics,  and  Prescription 
Writing.    Saunders'    Question-Compends,  No.  7.    By  Henry  Mor- 

I  Ris,  M.D.     Fifth  Edition.     288    pages.    Philadelphia :    W.    B.  Saun- 

ders.   Price  ji.oo. 

This  little  book  belongs  to  a  class  which  has  become  very 
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popular  with  students  of  medicine  in  the  last  ten  years,  and, 
like  the  others,  it  is  arranged  in  the  form  of  questions  and 
answers.  As  a  matter  of  necessity  the  information  it  presents  is 
very  greatly  condensed,  furnishing  often  not  more  than  an  out- 
line of  the  subject.  It  is,  therefore,  in  extent,  just  about  what 
the  student  needs  and  uses  when  **cramming*'  for  an  examina- 
tion. It  is  possible  that  books  of  this  class  may  be  legitimately 
used,  and  thus  possess  for  the  student  a  real  value,  but  in 
general  their  use  is  to  be  regretted  as  tending  to  encourage  super- 
ficial reading.  The  present  book  seems  to  be,  in  the  main, 
carefully  compiled,  and  as  free  from  error  as  can  be  expected 
with  such  condensation.  A  careless  statement,  or  mistake,  is 
found  at  the  bottom  of  page  203,  however,  where  it  is  said  that 
potassium  salts  convert  uric  acid  into  the  more  soluble  urea. 
The  accuracy  of  the  statement  on  page  206,  regarding  the  solu- 
bility of  lithium  urate,  is  also  questionable.  J.  H.  Long. 

A  Manual  of  Chbmical  Analysis  ;  Qcalitative  and  Quantitativb. 
By  G.  S.  Newth,  F.I.C,  F.C.S.,  Demonstrator  in  the  Royal  College  of 
Science.  London  :  Assistant  Examiner  in  Chemistry,  Science  and  Art 
Department.  New  York,  London,  and  Bombay :  Longmans,  Green 
and  Co.     1898.    xii+  462  pp.    Price,  I1.75. 

To  all  who  value  the  previous  works  by  Newth,  *'  Chemical 
Lecture  Experiments,''  and  his  two  text- books  on  **  Inorganic 
Chemistry,  * '  the  appearance  of  the  present  manual  on  analysis  will 
certainly  be  most  welcome.  As  might  naturally  be  expected  from 
its  predecessors,  the  manual  is  replete  with  modern  methods  of 
manipulation,  clever  devices  to  simplify  time-honored  reactions, 
and  clear,  concise  explanations.  The  fundamental  processes  of 
quantitative  analysis  are  accompanied  by  a  wealth  of  illustra- 
tion, which  should  enable  the  dullest  intellect  to  grasp  the  sue* 
cessive  steps  in  weighing,  filtering,  the  incineration  of  filters, 
the  ignition  of  crucibles,  etc.  These  features  could  be  confidently 
counted  upon  in  advance. 

The  plan  of  the  work  is  of  course  open  to  criticism.  The  qual- 
itative part,  which  includes  a  fairly  generous  treatment  of  the 
rarer  elements,  and  less  common  acids,  occupies  188  pages ; 
gravimetric  and  volumetric  quantitative  analysis  extend  also 
over  188  pages  ;  gas  analysis  covers  37  pages,  ultimate  organic 
analysis,  20  pages  ;    and   physico-chemical  determinations   10 
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pages.  Whether  it  is  desirable  to  place  a  manual  of  this  size  in 
the  hands  of  the  beginner  in  qualitative  analysis  will  be  a  moot 
question,  in  the  future,  as  in  the  past.  Dr.  Caldwell  has 
solved  the  question  to  some  extent  in  his  manual  of  analysis, 
limiting  the  qualitative  work  to  the  more  common  bases  and 
acids,  and  the  quantitative  feature  to  ten  or  fifteen  of  the  more 
typical  determinations.  Frequent  editions  show  that  the  book 
has  met  a  distinct  need.  Dr^Muter  and  Dr.  Long  have  each  pub- 
lished successful  manuals  on  a  somewhat  more  extended  scale, 
providing  for  medical  and  pharmaceutical  students  all  necessary 
qualitative  and  quantitative  instruction  in  a  single  volume.  The 
writer  doubts  the  expediency  of  placing  a  manual  of  the  nature 
of  Professor  Newth's,  in  the  hands  of  those  who  have  no  inten- 
tion of  advancing  beyond  a  course  in  qualitative  analysis^  The 
abundance  of  detail,  and  the  fact  that  over  one-half  of  the  contents 
of  the  book  will  never  be  put  to  practical  use,  seriously  handicap 
its  value  for  the  ordinary  college  student.  On  the  contrary,  he 
regards  it  as  admirably  adapted  for  the  present  and  prospective 
needs  of  such  students  as  take  up  qualitative  analysis  as  prelim- 
inary to  more  advanced  laboratory  work  in  chemistry.  For  such, 
the  combination  in  one  volume  of  directions  and  data  covering 
the  whole  field  of  analysis  is  attended  with  mpnifest  disciplinary 
and  practical  advantages.  He  has,  in  fact,  not  delayed  to  adopt 
at  once,  the  manual  under  consideration,  for  the  use  of  this  cate- 
gory of  students  in  his  laboratory. 

The  arrangement  of  material  is,  as  a  rule,  logical  and  satisfac- 
tory. In  the  qualitative  part  the  important  tests  for  each  mem- 
ber of  a  group  of  bases,  are  first  given  and  then  the  systematic 
treatment  of  the  group  follows,  accompanied  by  a  clear  scheme. 
While  detail  is  well  worked  out,  it  would  see'm  as  if  the  provi- 
sion for  a  more  compact  and  comprehensive  survey  of  the  entire 
field  could  be  improved.  Thus  on  page  16  is  the  general  (divi- 
sion of  bases  into  groups;  on  page  17  is  a  table  of  the  precipitates 
given  by  each  group  reagent.  Group  schemes  are  scattered 
through  the  following  160  pages.  Then  comes,  at  the  end y  **pre- 
liminary  tests  and  operations,*'  forming  Chapter  XVI.  This 
chapter  could  advantageously  contain  a  complete  schematic 
summary  of  all  tables  given  before  for  the  detection  of  both  bases 
and  acids.     Such  an  arrangement,  similar  to  that  which  gives 
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such  value  to  the  **  Tabellen"  of  Will  or  Wallach  in  German, 
would  vastly  facilitate  the  use  of  Newth's  manual  for  young  and 
unformed  minds. 

The  author  has  omitted  argon  and  helium  from  the  list  of  ele- 
ments, with  their  atomic  weights,  and  probably  wisely,  in  view 
of  the  astonishing  group  of  elementary  gases  isolated  from  argon 
during  the  past  few  months.  The  use  of  didymium  in  the  same 
list,  and  the  absence  of  neodymium,  and  praseodymium  is  a  bit 
of  conservatism  hardly  in  keeping  with  the  progressive  nature  of 
the  book. 

The  number  of  novel  and  ingenious  devices  for  carrying  out 
qualitative  tests,  such  as  that  on  page  84  for  securing  the  CuCl, 
flame,  will  render  the  book  most  helpful  and  attractive  to  young 
minds.  Newth's  declination  on  page  157,  to  describe  odors,  is 
eminently  wise  and  recalls  the  great  amusement  which  greeted  a 
foreign  chemist's  recent  account  of  a  substance  which  possessed 
a  **  blumenartigen  Geruch." 

It  is  to  be  hoped  that  our  American  chemists  will  follow 
Newth's  example,  in  adopting  the  system  of  standard  reagents, 
devised  by  Reddrop.'  In  this  system  all  laboratory  reagents 
carry  signatures  indicating  whether  they  are  normal,  or  multi- 
ples or  fractions  of  normal  solutions.  Thus  about  one-half  of 
our  ordinary  reagents  are  strictly  normal,  =  N  ;  calcium  sul- 
phate is  T^  ;  sodium  hydroxide  is  5  N,  etc.  In  this  connection 
Professor  Newth  could  well  designate  a  saturated  solution  of 
Ca(HO),,  as  y'jy,  and  not  prefix  the  qualification  ** about."* 

While  the  manual  has  so  many  pronounced  features  of  excep- 
tional excellence  it  is  not  free  from  certain  flaws  and  errors  inev- 
itable in  a  first  edition.  Thus  in  the  list  of  reagents  just  referred 
to,  we  miss  H.PtCl.,  K,Cr,0„NaHC,H,0.,  etc.  although  direc- 
tions for  their  use  are  given  in  several  places. 

Provision  is  made  in  this  list  for  a  normal  solution  only  of 
ammonium  sulphate,  while  on  page  35,  the  directions  call  for  a 
strong  solution.  Among  faulty  expressions,  scarcely  admissible 
in  a  college  text-book,  are  **  nearly  soluble  in  alcohol,"  p.  23  ; 
'*  it  is  therefore  only  possible  to  have  an  aqueous  solution  of  the 
ortho-acid,"  note  p.  93  ;  **  bring  the  liquid  once  more  iotheboil,*^ 

I  Chemical  News,  May,  1890. 

s  Cf.  Golding  :  /.  Soc.  Ckem,  Ind.,  17,  las. 
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p.  48.    The  statements  on  p.  166  with  regard  to  silicic  acid, 
assigning  H,SiO,  as  the  formula  of  the  gelatinous  precipitate 
and  H^SiO^,  as  the  formula  of  the  soluble  acid  only,  are  not  in 
harmony    with   the    results    of    recent   investigations    in   the 
writer's  laboratory/     Both  tartaric  acid  and  hydrogen  sodium 
tartrate,  are  used  in  testing  for  ammonium  salts  (p.  21),  but  the 
second  reagent  only  is  advised  for  potassium  compounds. 
,  The  following  omissions  of  analytical  data  should  be  remedied 
in  a  second  edition  ;  on  p.  88,  the  frequent  presence  of  sulphur 
in  the  residue  of  HgS,  PbSO,  and  Hg(NO,),.2HgS,  is  over- 
looked ;  on  p.  70,  a  method  for  the  separation  of  glucinum,  zir- 
conium, titanium,  and  uranium  should  be  outlined  ;  on  p.  128, 
no  mention  is  made  of  Hart's  excellent  method  for  mixtures  of 
chlorides,  bromides,  and  iodides ;  on  p.  151,  no  mention  is  made 
of  the  combustibility  of  all  hypophosphites — their  most  striking 
property  ;  on  p.  155,  no  mention  is  made  of  the  reaction  of  for- 
mates with  ferric  chloride,  nor  of  the  prompt  reaction  with  sil- 
ver nitrate  ;  on  p.  169,  the  familiar  test  for  silica,  etc.  by  means 
of  calcium  fluoride  and  sulphuric  acid  is  omitted  ;  on  p.  151,  the 
deportment  of  metaphosphates  with  ammonium  molybdate  is  not 
stated ;  on  p.  171,  pyrophosphoric,  metaphosphoric,  phosphorous 
and  hypophosphorous  acids  are  omitted  from  the  general  scheme 
for  the  systematic  detection  of  acids,  although  such  a  rare  acid 
as  HCNO  is  included. 

Despite  these  minor  blemishes,  the  book  marks  a  distinct 
advance  in  the  evolution  of  the. ideal  manual  of  analysis,  and 
will  certainly  find  many  friends.  Thomas  H.  Norton. 

An  Introductory  Coursb  of  Quantitativb  Chbmicai,  Analysis  with 
Explanatory  Notes  and  Stoichiombtrical  Problsms.  By  Hbnry 
P.  Talbot,  Ph.D.,  Professor  of  Analytical  Chemistry  in  the  Massachu- 
setts Institute  of  Technology.  Third  Edition,  Revised  and  Enlarged. 
153  pp.     New  York :  The  Macmillan  Co.     1899.     Price  1 1.50. 

That  a  third  edition  should  be  demanded  in  less  than  two  years 
from  the  first  appearance  of  this  book,  is  evidence  that  many 
teachers  have  found  it  suited  to  their  needs.  To  all  the  matter 
contained  in  the  first  edition,  the  present  adds  the  determina- 
tion of  carbon  dioxide  in  dolomite,  the  determination  of  silica  in 
laumontite  and  in  feldspar,  reference  to  the  determination  of  zinc 

1  This  JouRKAi.,  19,  83a. 
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as  the  pyrophosphate,  and  a  very  clear  and  useful  chapter  of  17 
pages  on  the  theories  of  solution  and  some  of  their  applications 
to  analytical  chemistry.  A  note  on  the  capacities  of  beakers, 
referred  to  in  the  text  by  numbers,  will  be  appreciated.  The 
paragraphs  on  temperature  of  calibration  have  been  rewritten. 
Of  the  first  edition  as  an  introduction  to  the  principles  and  prac- 
tice of  quantitative  analysis,  the  present  reviewer  wrote  two 
years  ago  :  **  It  is  hardly  too  much  to  say  that  it  is  difficult  to  see 
how  a  better  book  could  be  prepared  for  this  purpose  than  the 
one  before  us."  After  the  practical  demonstration  of  two  years* 
use  of  the  book  with  his  classes,  his  opinion  is  unchanged,  and 
the  additions  in  the  present  edition  increase  the  value  of  the 
book.  Jas.  Lewis  Howe. 

Inorganic  Chemistry  According  to  the  Periodic  Law.  By  F.  P. 
Venable  and  Jas.  Lewis  Howe.  Hasten,  Pa. :  The  Chemical  Publish- 
ing Co.    1898.    v+266  pp.     i2mo.    Price,  I1.50. 

Professor  Venable's  studies  on  the  development  of  the  Periodic 
Law  have  made  so  firm  an  impress  on  his  mind  that  he  has 
prepared  a  text-book  for  beginners  in  inorganic  chemistry  which 
takes  the  Periodic  System  as  a  guiding  principle.  The  profes- 
sor in  the  University  of  North  Carolina  has  associated  with  him 
another  experienced  teacher  in  the  person  of  Professor  Howe,  of 
the  Washington  and  Lee  University,  and  the  two  have  pro- 
duced a  very  systematic  and  accurate  work  quite  up  to  date. 
In  the  hands  of  enthusiastic  teachers  the  book  cannot  fail  to 
prove  useful  in  classes,  especially  if  oral  explanations 
supplement  the  concise  and  dogmatic  statements.  Whether 
beginners  in  chemistry  are  competent  to  appreciate  the  beauties 
of  the  Periodic  System  before  they  have  learned  something  of 
the  nature  of  chemical  bodies  in  general,  can  be  best  determined 
by  using  the  volume ;  but  in  any  case  the  study  of  the  terse 
introduction  can  be  repeated  after  having  read  the  first  fifty  or 
sixty  pages.  As  the  distinctive  feature  of  this  text- book  is  the 
order  in  which  the  elements  and  their  compounds  are  treated, 
this  review  will  endeavor  to  do  it  justice.  After  giving  the  his- 
tory, methods  of  preparation,  and  the  salient  properties  of  hydro- 
gen, as  *'the  standard  element,*'  the  elements  of  the  negative 
subseries  of  Group  VII  of  Mendel^eff's  table  are  considered; 
this  subseries  includes  fluorine,  chlorine,  bromine,  and  iodine. 
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Then  follow  the  elements  of  the  negative  subseriesof  Groups  VI 
and  V ;  of  Group  IV  both  the  positive  and  the  negative  series 
are  included ;  of  Group  III,  chiefly  rare  elements,  only  boron 
and  aluminum  are  discussed  ;  of  Groups  II  and  I  both  series 
are  included.  Then  Group  VIII  is  taken  up,  embracing  the 
iron  metals  and  the  platinum  metals.  Part  III  is  devoted  to  the 
hydrogen  compounds  of  the  elements  and  under  the  caption 
''Hydrids  of  Group  VI''  the  student  first  makes  the  acquaint- 
ance of  water.  Part  IV  is  devoted  to  halides,  and  Part  V  to 
oxides  and  sulphides,  in  which  the  student  is  introduced  to  car- 
bon dioxide,  lime,  soda,  nitrogen  oxides,  and  sulphur  oxides, 
including  the  important  body  sulphuric  acid.  Near  the  close  of 
the  volume  there  is  a  summary  of  the  laws  of  constant  propor- 
tion, of  interproportionality ,  and  of  multiple  proportions.  Part  VI 
deals  with  binary  compounds  of  Groups  V,  IV,  and  with  alloys. 

The  groups  of  the  Periodic  System,  it  will  be  observed,  are 
discussed  in  the  reverse  order  in  which  they  appear  in  Men- 
deKeff's  table,  and  the  positive  subseries  are  not  taken  up  until 
after  the  negative.  This  inversion  has  been  found  necessary, 
probably,  to  avoid  placing  before  the  students  the  metals 
(sodium  and  associates,  magnesium  and  associates,  etc.),  before 
the  learner  has  made  the  acquaintance  of  the  important  bodies  in 
Groups  I  and  II  (chlorine,  bromine,  iodine,  oxygen,  and  sul- 
phur) .  The  necessity  of  consistently  treating  the  elements  in 
the  order  assigned  to  them  by  the  Periodic  Law  leads  to  some 
curious  results ;  thus  the  student  finds  himself  studying  sele- 
nium and  tellurium  before  he  has  learned  the  most  simple  facts 
about  the  atmosphere ;  and  in  the  same  way  tungsten,  uranium, 
vanadium,  columbium,  and  tantalum  are  met  with  before  water. 
The  oxides  being  in  a  section  by  themselves,  are  separated  from 
the  metals  of  which  they  form  important  compounds ;  thus  it 
happens  that  between  the  account  of  the  metal  calcium  and  that 
of  lime  there  are  no  less  than  eighty-six  pages,  and  between  lime 
and  limestone  there  are  twenty  pages  additional.  Again  the 
process  of  smelting  iron  is  explained  in  connection  with  the 
description  of  the  metal,  just  150  pages  before  the  characteristics 
of  the  oxides  of  the  metal  are  given. 

More  attention  is  given  in  this  book  to  the  comparatively  rare 
element**  than  is  usual ;  thus  more  space  is  given  to  titanium 
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and  germanittm  than  to  all  the  oxides  of  iron,  and  the  elements 
molybdenum,  tungsten,  and  uranium,  with  their  compounds, 
occupy  more  space  than  calcium  and  itj  compounds  in  the 
several  sections  where  they  appear. 

The  book  is  clearly  printed  and  quite  free  from  typographical 
errors.  The  spelling  recommended  by  the  American  Associa- 
tion for  the  Advancement  of  Science  has  been  adopted  only  in 
part.  Professor  Howe,  one. of  the  committee  on  spelling  and 
pronunciation,  does  not  seem  to  have  persuaded  his  colleague  to 
accept  the  only  rational  orthography  **  sulfur." 

Students  using  this  volume  will  certainly  not  be  misled  and 
will  become  impressed  with  the  importance  of  the  Periodic  Law. 

H.  Carrington  B01.TON. 

Commbrciai«OrganicAna.i«vsis.  Vol..  II,  Part  I.  ByAlfrsdH.AlItBn, 
F.I.C.,  P.C.S.,  with  revisions  and  addenda  by  the  Author  and  Henry 
Lbppmann,  M.A.,  M.Dm. Third  Edition.  Philadelphia:  P.  Blakiston's 
Son  and  Co.    Svo.    387  pp.    Price  I3.50. 

The  second  edition  of  Volume  II  of  Mr.  Allen's  valuable 
work  appeared  in  1886  and  revision  at  this  time  was  badly 
needed  owing  to  the  rapid  advances  which  had  been  made  in 
organic  analysis.  On  this  account  the  revision  is  quite  thorough, 
almost  every  page  and  paragraph  having  been  changed  to  meet 
the  modem  requirements.  It  has  also  been  deemed  necessary 
to  divide  the  volume  into  two  parts  to  avoid  an  unwieldy  bulk 
and  we  now  have  before  us,  Part  I. 

The  author  and  reviser  have  been  compelled  to  cooperate  at 
such  long  range,  and  the  demand  for  the  book  has  been  so  press- 
ing that  Dr.  Leffmann  has  seen  fit  to  assume  the  responsibility 
for  any  statements  that  do  not  meet  the  approval  of  the  author 
and  for  any  errors  which  may  have  crept  into  the  book. 

The  work  is  exceptionally  well  done  in  every  respect  and 
reflects  great  credit  upon  the  author  and  the  reviser. 

This  part  of  Vol.  II  treats  of  the  fixed  oils  and  fats,  glycerine, 
nitroglycerine,  dynamites  and  smokeless  powders,  wool  fats, 
ddgras,  etc.  It  contains  also  a  list  of  corrections  of  the  few 
errors  found  in  Vol.  I.  Part  II,  which  is  now  in  press,  will  treat 
of  the  hydrocarbons  and  their  immediate  derivatives. 

The  most  important  additions  made  to  the  subjects  treated  in 
the  volume  before  us,  are  :  The  bromine  thermal  method,  meth- 
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odsfor  determination  of  glycerol,  acetyl  number,  tests  for  oxida- 
tion of  oils,  composition  and  official  methods  for  the  examination 
of  dynamites  and  smokeless  powders,  d6gras  and  cloth  oils. 

Mr.  Allen  has  added  to  the  work  some  valuable  tables  giving 
the  sources,  specific  gravities,  solidifying-points,  saponification- 
equivalents,  iodine  absorption,  general  characteristics  and  chief 
applications  of  the  principal  fats,  oils,  and  waxes  of  commercial 
or  scientific  interest.  Wm.  L.  Dudi^ky. 
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Concentrated  Feed  Stuffs.  Bulletin  No.  56.  Hatch  Experiment  Sta- 
tion of  the  Massachusetts  Agricultural  College.  November,  1898.  Am- 
herst, Mass. :  Carpenter  &  Morehouse.    24  pp. 

Dietary  Studies  in  Chicago  in  1895  and  1896.  Conducted  with  the  Co- 
operation of  Jane  Addams  and  Caroline  L.  Hunt.  Reported  by  W.  O.  At- 
water  and  A.  P.  Bryant.  Bulletin  No.  55.  U.  S.  Department  of  Agri- 
culture, Office  of  Experiment  Stations.  Washington  :  Government  Print- 
ing Office.     1898.    76  pp. 

Michael  Faraday  :  His  Life  and  Work.  By  Silvanus  P.  Thompson, 
D.Sc.,  F.R.S.  New  York :  The  Macmillan  Co.  1898.  pp.  ix  +  308. 
Price,  1 1. 25. 

Baking-powders  on  Sale  in  North  Carolina.  Bulletin  No.  155.  The 
North  Carolina  Agricultural  Experiment  Station,  Raleigh,  N.  C.  De- 
cember 20,  1898.    8  pp. 

The  Rarer  Metals  and  Their  Alloys.  By  W.  Chandler  Roberts- Austen. 
Prom  the  Smithsonian  Report  for  1896,  pages  497-515  (with  Plates  xxiii- 
zxvi).    Washington :  Government  Printing  Office.     1898. 

Bulletins  of  the  United  States  Geological  Survey :  No.  150. — The  Edu- 
cational Series  of  Rock  Specimens  Collected  and  Distributed  by  the  Uni- 
ted States  Geological  Survey.  By  J.  S.  Diller.  1898.  400  pp.,  18  figures 
and  47  plates.  No.  151. — The  Lower  Cretaceous  Gryphseas  of  the  Texas 
Region.  By  R.  T.  Hill  and  T.  W.  Vaughan.  1898.  66  pp.  and  35 
plates.  No.  152. — A  Catalogue  of  the  Cretaceous  and  Tertiary  Plants  of 
North  America.  By  P.  H.  Knowlton.  1898.  247  pp.  No.  153.  —A  Bib- 
liographic Index  of  North  American  Carboniferous  Invertebrates.  By 
Stuart  Waller.  1898.  653  pp.  No.  154. — A  Gazetteer  of  Kansas.  By 
Henry  Gannett.  1898.  246  pp.,  6  plates,  and  map  of  Kansas.  No.  155. — 
Earthquakes  in  California  in  1896  and  1897.  By  Charles  D.  Perrine.  1898. 
4^  pp.  No.  156. — Bibliography  and  Index  of  North  American  Geology, 
Paleontology,  Petrology,  and  Mineralogy  for  1897.  By  Fred.  B.  Weeks. 
1898.    X30  pp.     Washington  :  Government  Printing  Office. 

Lighting  by  Acetylene. — Generators,  Burners,  and  Electric  Furnaces. 
By  William  £.  Gibbs,  M.E.  Second  Edition,  Revised  and  Enlarged. 
New  York  :  D.  Van  Nostrand  Co.     1899.    ix  +  161  pp.    Price,  I1.50. 
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Physical  Chemistry  for  Beginners.  By  Dr.  Ch.  Van  Deventer.  With 
an  Introduction  by  Prof.  J.  H.  van  *\  Hoff.  Authorized  American  Edition 
from  the  German  Edition,  translated  by  Bertram  B.  Boltwood.  New  York : 
John  Wiley  &  Sons.    1899.    x+156  pp.    Price,  I1.50. 

'A  Digest  of  Metabolism  Experiments  in  which  the  Balance  of  Income 
and  Outgo  was  Determined.  By  W.  O.  At  water  and  C.  F.  I^ngworthy. 
Bulletin  No.  45  (Revised  Edition).  U.  S.  Department  of  Agriculture, 
Office  of  Experiment  Stations,  Washington,  D.  C.     1898.    434  pp. 

The  Fertilizer  Control  for  1898.  Bulletin  No.  158.  The  North  Carolina 
Agricultural  Experiment  Station,  Raleigh,  N.  C.  December  23,  1898. 
16  pp. 

The  Adulteration  of  Flour  as  it  is  Found  to  Exist  upon  the  Markets  in 
North  Carolina.  By  W.  A.  Withers  and  G.  S.  Praps.  Bulletin  No.  156. 
The  North  Carolina  Agricultural  Experiment  Station,  Raleigh,  N.  C. 
December  21,  1898.     12  pp. 

Testing  Milk  and  Its  Products.— -A  Manual  for  Dairy  Students,  Cream- 
ery and  Cheese-factory  Operators,  Food  Chemists,  and  Dairy  Farmers. 
By  E.  H.  Farrington  and  F.  W.  Woll.  With  Illustrations.  Fourth  Re- 
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ON  the  sixth  of  November  last  the  country  was  startled  by 
learning  that  an  explosion  had  occurred  at  the  Capitol  at 
Washington  which  had  caused  extensive  damage  to  that  magnifi- 
cent and  historic  building  and  which,  with  the  ensuing  fire,  had 
destroyed  some,  and  jeopardized  more,  of  the  valuable  archives 
with  which  the  building  was  stored.  Occurrences  of  this  kind 
bave  long  had  a  particular  interest  for  me,  and  I  have  found 
them  to  recur  with  great  frequency  and  to  cause  extensive 
damage  and  destruction  not  only  to  property  but  to  person. 
Notwithstanding,  therefore,  that  much  that  I  have  to  say  is  well 
known,  it  appears  to  be  not  inopportune  to  address  you  on  the 
subject  of  "Explosions  Caused  by  Commonly  Occurring  Sub- 
stances,*' omitting  entirely  from  consideration  the  substances 
commonly  known  and  used  as  explosives,  and  it  is  possible  that 
this  repetition  may  serve  to  some  extent  in  preventing  these 
accidents  by  leading  to  greater  precautions  being  taken. 
From  the  observations  on  the  phenomena  accompanjnng  the 

1  President's  address  read  before  the  New  York  meeting  of  the  American  Chemical 
Society. 
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combustion  of  solids  it  is  well  understood  that  the  speed  of  the 
combustion  is  greatly  accelerated  by  comminuting  the  combus- 
tible, and  mixing  it  intimately  with  the  supporter  of 'combustion 
and  it  is  also  well  recognized  that  many  explosions  are  due 
solely  to  very  rapid  combustion,  yet  it  is  only  within  compara- 
^  tively  recent  times,  and  since  manufacturing  operations  have 
come  to  be  carried  on  upon  a  very  considerable  scale,  that  we 
have  had  it  strongly  demonstrated  that  ordinarily  combustible 
solids  might,  when  finely  divided  and  mixed  with  air,  give  rise, 
on  ignition,  to  most  violent  and  disastrous  explosions,  and  it 
seems  especially  notable  that  the  first  well-demonstrated  cases  of 
this  kind  should  have  arisen  from  the  apparently  harmless  opera- 
tions attending  the  grinding  of  grain,  and  the  more  particularly 
as  flour  is  not  looked  upon  as  a  very  readily  combustible  sub- 
stance when  compared  with  other  commonly  used  solids. 

Among  the  many  instances  of  this  kind  which  we  have  now 
on  record  we  will  cite  that  which  occurred  on  the  9th  of  July, 
1872,'  when  the  inhabitants  of  Glasgow  were  startled  by  the 
report  of  an  explosion  which  was  heard  to  a  considerable  dis- 
tance, and  which  was  found  to  have  occurred  in  some  very 
extensive  flour-mills,  the  front  and  back  walls-  of  which  were 
blown  out,  while  the  interior  was  reduced  to  ruins,  and  speedily 
enveloped  in  flame  which  destroyed  the  remaining  buildings. 
Several  persons  were  killed,  and  a  number  of  others  were  severely 
burned,  or  injured  by  the  fall  of  masonry. 

On  May  2,  1878,  a  similar  disaster  occurred  in  the  enormous 
flour-mills  in  Minneapolis,  but  in  this  case  it  was  observed  that 
the  explosion  which  originated  in  the  Washburn  mill  was  com- 
municated by  flame  successively  to  the  Diamond  mill  and  to  the 
Humbolt  mill.  As  a  consequence  of  these  explosions  the  walls 
of  these  mills,  which  were  solid  masonry,  six  feet  thick  at  the 
base,  were  razed  to  the  ground,  sheets  of  corrugated  iron  roofing, 
two  by  six  feet  in  area,  were  projected  to  a  distance  of  more  than 
two  miles,  a  wooden  building  fifty  feet  from  the  center  of  the 
explosion  was  blown  open,  stout  plate  glass  windows  one- fourth 
of  a  mile  away  were  torn  out  bodily,  sash  and  all,  and  projected 
into  the  street,  an  immense  volume  of  smoke  and  flame  was  pro- 
jected to  an  estimated  height  of  600  to  800  feet,  and  finally 

1  Abel:  Roy.  Inst.,  March  la,  1875. 
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persons  by  the  edge  of  the  adjacent  river,  observed  a  displace- 
ment of  water,  producing  a  wave  estimated  to  be  eighteen  inches 
high,  before  they  heard  the  report  of  the  explosion.  The  con- 
current testimony  of  persons  employed  in  the  mills  and  of  the 
experts  who  were  called  proved  the  absence  in  each  case  of  any 
of  the  so-called  explosive  substances  on  the  premises,  and  that 
the  boilers  had  not  burst,  and  from  the  facts  brought  out  the 
origin  was  conclusively  traced  to  the  striking  of  fire  by  a  pair  of 
millstones,  through  the  stopping  of  the  *'feed,''  and  the  conse- 
qaent  friction  of  their  bare  surfaces  against  each  other,  with  the 
resalt  that  the  mixture  of  air  and  fine  flour-dust  surrounding  the 
millstones  became  ignited. 

This  ignition  alone  would  not  suffice  to  develop  any  violent 
explosive  effects;  for  similar  ignitions  which  have  been  not 
infrequently  observed  in  small  mills,  where  they  have  been 
caused  by  the  stones  **striking  fire"  or  by  the  incautious  use  of 
a  burning  lamp  near  the  millstones,  or  the  meal-spout  attached 
tu  them,  have  not  been  attended  by  any  serious  results.  But  in 
an  extensive  mill,  where  many  pairs  of  stones  may  be  at  work 
at  one  time,  each  pair  has  a  conduit  attached,  which  leads  to  a 
common  receptable  called  an  exhaust-box;  into  this  the  mixture 
of  air  and  very  fine  flour-dust  which  surrounds  the  millstones, 
is  drawn  by  means  of  an  exhaust  fan,  which  is  sometimes  aided 
by  a  system  of  air-blowers.  The  fine  flour  is  allowed  to  deposit 
partially  in  this  chamber  or  exhaust- box,  and  the  air  then  passes 
into  a  second  chamber,  called  a  stive  room,  where  a  further 
quantity  of  dust  is  deposited.  It  follows  that  when  the  mill  is 
at  work,  these  chambers  and  the  channels  are  all  filled  with  an 
inflammable  mixture  of  the  finest  flour-dust  and  air,  and  that  the 
ignition  of  any  portion  of  the  inflammable  mixture,  will  result  in 
the  exceedingl}"^  rapid  spread  of  the  flame  throughout  the  whole, 
and  will  thus  develop  an  explosion.  The  violence  of  such  explo- 
sions  depends  much  upon  the  details  of  construction  of  the  ex- 
haust-boxes and  stive  rooms,  and  upon  the  dimensions  of  the  chan- 
nels of  communication ;  it  must  obviously  be  regulated  by  the 
volume  of  the  inflammable  mixture  through  which  the  fire  rapidly 
spreads,  and  upon  the  degree  of  confinement.  In  the  case  of  the 
catastrophe  at  Glasgow,  the  production  of  a  blaze  at  a  pair  of 
millstones  was  observed  to  be  followed  by  a  crackling  noise  as 
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the  flame  spread  rapidly  through  the  conduits  leading  to  the 
exhaust-box  upon  an  upper  floor,  and  a  loud  report  from  that 
direction  was  almost  immediately  heard.  Professors  Rankine 
and  Macadam,  who  carefully  investigated  the  cause  of  this 
accident,  report'  that  other  flour-mill  explosions,  which  they  had 
inquired  into,  had  been  observed  to  have  been  attended  by  a 
similar  succession  of  phenomena  to  those  noticed  upon  this 
occasicn.  The  bursting  open  of  the  exhaust-box  by  a  similar 
though  less  violent  explosion,  attended  by  injury  of  workmen, 
the  blowing  out  of  windows  and  loosening  of  tiles,  appears  to 
have  taken  place  on  a  previous  occasion  at  these  particular  mills. 
In  the  last  and  most  disastrous  accident,  however,  the  more 
violent  explosion  appears  to  have  been  followed  by  others,  the 
flame  having  spread  with  great  rapidity  to  distant  parts  of  the 
mills  through  the  many  channels  of  communication  in  which 
the  air  was  charged  with  inflammable  dust,  resulting  from  the 
cleansing  and  sifting  operations  carried  on  in  different  parts  of 
the  building,  and  rapidly  diffused  through  the  air  by  the  shock 
and  blast  of  the  first  explosion. 

In  the  experimental  investigation  of  the  Minneapolis  explo- 
sion by  Professor  S.  F.  Peckham*  it  was  shown  that  compacted 
masses  of  flour  which  had  become  heated  and  charred,  ignited 
readily  and  smouldered  but  were  inflamed  only  with  considerable 
difficulty,  though  the  atmosphere  of  the  conduit  from  the  stones, 
through  which  a  strong  current  of  air  is  being  continually  drawn 
and  which  is  filled  with  a  dense  cloud  of  very  fine  particles  of 
flour  heated  to  a  maximum  temperature  of  140**  F.,  could  be 
inflamed  with  comparative  ease.  White-hot  wires  and  glowing 
charcoal  were  incapable  of  producing  this  inflammation  but  only 
burned  the  particles  in  actual  contact  with  them,  and  the  only 
means  by  which  the  mixture,  in  the  best  proportions,  could  be 
made  to  burn  explosively  was  by  contact  with  flame. 

The  danger  in  the  process  was  found  to  arise  from  the  friction 
of  the  stones,  heating  the  last  portion  of  the  grist  that  remained 
between  them  to  a  temperature  sufficient  to  char  it,  or  to  con- 
vert it  into  a  substance  resembling  tinder,  which  would  readily 
ignite  from  a  spark  produced  from  the  stones  striking  together. 

1  Abel:  Roy.  Inst..  March  12, 1875. 
^Arn.J,  Set'.,  16,  (3),  301-306  i/878). 
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Although  this  burning  mass  could  not  inflame  the  dust-laden 
atmosphere,  it  did  ignite  wood,  which  a  strong  draught  of  air 
readily  forced  into  a  blaze.  Under  the  conditions  described, 
with  a  draught  of  air  passing  through  the  dry  stones  strong 
enough  to  convey  the  pellets  of  smouldering  tinder  into  the 
wooden  conductor,  an  explosion  was  a  necessary  consequence. 

Knowing  the  chemical  composition  of  flour,  we  may  calculate 
approximately  the  mechanical  work  which  a  given  mass  of  flour 
can  perform,  and  find  that  the  contents  of  an  ordinary  sack, 
when  mixed  with  4000  cubic  feet  of  air,  will  generate  force 
enough  to  throw  2500  tons  mass  to  a  height  of  100  feet.  If  we 
now  consider  the  many  tons  of  flour  there  must  have  been  in  a 
mill  such  as  the  Washburn  *'A,"  where  as  much  as  1000  pounds 
of  dust  per  day  were  collected  from  a  single  pipe,  we  can  readily 
comprehend  how  such  great  destruction  could  be  wrought. 

It  is  to  be  regretted  that  the  experts,  who  duly  considered  all 
the  circumstances,  concluded  that  while  by  suitable  precautions 
the  frequency  of  these  flour-mill  explosions  may  be  diminished, 
and  the  extent  of  the  damage  inflicted  may  be  very  much 
restricted,  the  nature  of  the  operations  is  such  that  these  explo- 
sions cannot  be  altogether  prevented. 

Since  mixtures  of  wheat-dust  with  air  have  proved  to  be  so 
explosive  we  should  naturally  expect  that  analogous  solids 
would  form  similar  explosive  mixtures  with  air,  and  as  a  fact 
we  have  recorded  explosions  of  oatmeal  in  the  Oliver  mill  in 
Chicago,  of  starch  in  a  New  York  candy  factory,*  of  rice  in  rice 
mills,  of  malt-dust  in  breweries,  of  spice-dust  in  spice  mills, 
together  with  numerous  instances  of  sawdust  explosions,  the 
more  prominent  being  those  which  occurred  in  the  Pullman  car 
shops  and  at  Geldowsky's  furniture  factory  in  Cambridge,  Mass., 
still  we  would  scarcely  look  for  an  explosion  from  such  a  cause 
in  a  soap  factory.  Yet  a  violent  explosion  occurred  in  1890,  in 
a  Providence  soap-works  in  which  the  finely  powdered  sapona- 
ceous substance  known  by  the  trade  name  of  '*soapine"  was 
being  prepared  and  the  coroner  held  in  his  finding  that  the  explo- 
sion through  which  such  injury  was  inflicted  was  caused  by  the 
ignition  of  soapine  dust.     Experiments  made  in  this  connection 

1 L.  W.  Peck :  "Explotioiifl  from  Combustible  Daits/'  Popular  Science  Monthly^  14, 
ISM66  {187S). 
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showed  that  this  substance  will  explode  under  certain  conditions 
with  more  violence  than  flour  and  apparently  with  the  produc- 
tion of  more  heat. 

The  most  unusual  case  of  dust  explosions,  however,  with 
which  we  have  met,  was  that  of  finely  powdered  metallic  zinc 
which  occurred  at  the  Bethlehem  Zinc  Works  in  1854.  At  that 
time  Col.  Wetherill  devised  a  plan  for  utilizing  the  '*blue 
powder'*  which  is  the  finely  divided  metallic  zinc  that  is  depos- 
ited in  the  prolongation  of  the  condenser  by  swedging  the 
powder  into  blocks  and  piling  these  blocks  one  above  another  in 
a  furnace  where  they  were  melted  down  and  run  into  spelter. 
The  workman  in  charge  sought  to  facilitate  the  process  by  feed- 
ing the  uncompressed  powder  directly  into  the  furnace  but  on 
trying  to  do  so  an  explosion  followed  the  loading  of  the  first 
shovelful  and  with  such  violence  that  the  workman  was  blown 
from  the  top  of  the  furnace,  and  the  blade  of  the  shovel  was 
driven  into  the  roof  of  the  building. 

In  pharmacy  and  the  arts,  substances  have  been  made  either 
knowingly  or  accidentally  from  mixtures  of  combustible  substances 
and  supporters  of  combustion  which  have  given  rise  to  accidents 
such  as  those  from  the  parlor  match  and  the  chlorate  troches,' or 
from  sodium  peroxide  and  sodium  bisulphite  mixtures  as  in  the 
Whitecross  Street  explosion,'  and  the  latter  class  of  mixtures 
are  to  be  particularly  dreaded  as  the  chemical  action  and  subse- 
quent explosion  may  be  incited  not  only  by  contact  with  fire  but 
also  by  contact  with  water.  Cavazzi*  points  out  that  mixtures 
of  sodium  nitrate  and  hypophosphite  detonate  on  heating,  while 
Violette*  proposed  to  use  a  mixture  of  sodium  nitrate  and  ace- 
tate as  a  substitute  for  gunpowder,  and  these  are  but  a  few 
among  the  many  explosive  mixtures  which  may  be  compounded. 

Still  another  source  of  danger  arises  from  the  production  and 
use  in  laboratories,  and  frequently  in  common  life,  of  chemical 
substances  which  are  explosive  per  se  though  not  generally  rec- 
ognized as  such  and  we  have  records  of  accidents,  among  others, 
from  bleaching-powder,*  from  erythryl  nitrate,  which  has  lately 

1  U.  S.  Naval  InsiituU,  ix,  774  {1885). 

sy.  Soc.  Ckem,  fnd.,  13, 198-^00  (/^). 

*  Gas.  cAim  iiai.  {1886). 

4  Berthelot :  Sur  la  force  de  la  poudre  (3),  s,  3x5. 
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come  into  use  in  the  treatment  of  Angina  Pectoris,'  from  ammo- 
ninm  nitrate'  and  there  are  many  others  such  as  the  organic 
nitrates,'  nitroso  compounds/  diazo  bodies/  diamides/  hydra- 
zoic  acid  and  its  derivatives/  hydroxylamines/  chlorates/  car- 
bonyl  compounds/"  permanganates/*  peroxides/*  chlorides/* 
and  iodides/^  occurring  in  the  laboratories  and  used  to  a  vary- 
ing extent  in  the  arts  that  are  so  unstable  as  to  give  rise  to  serious 
accidents  if  incautiously  handled.  We  may  notice  that  so  well 
known  a  compound  as  the  cupric  ammonium  nitrate,  a  body 
which  is  often  formed  in  the  course  of  analysis,  was  deemed  by 
Nobel  to  possess  such  value  as  an  explosive  that  he  took  out 
patents  for  its  use  in  blasting. 

The  liquid  state  conduces  more  particularly  to  accidents  taking 
place  since  bodies  in  this  state  are  liable  to  escape  from  their 
receptacles  and  to  be  found  in  unexpected  places.  If  combusti- 
ble, when  mingled  with  the  atmosphere  or  when  saturating  oxi- 
dizing agents,  they  bum  with  extreme  rapidity  and  produce  very 
violent  effects.  When  such  liquids  give  off  vapors  at  the  ordi- 
nary temperatures  or  those  prevailing  during  use,  the  danger  is 
very  materially  increased  as  such  vapors  are  more  vagrant  and, 
through  diffusion,  readily  mingle  with  the  atmosphere.  Theise 
properties  are  especially  characteristic  of  many  of  the  products 
obtained  from  coal-tar  and  from  petroleum  ;  bodies  whose  cheap- 
ness, abundance,  and  special  adaptability  have  led  to  their 
extended  use  for  domestic  heating  and  lighting  and  for  many 
purposes  in  the  arts,  but  which  have,  because  of  this  wide-spread 
nse  and  inconsequence  of  their  possessing  the  properties  named, 
been  the  cause  of  an  enormous  number  of  casualties.  Dr.  C.  F. 
Chandler"  showed  that  much  of  the  danger  attending  the  use  of 

1  Kept.  H.  M.  Inftp.  Bxp.,  p.  50  {189S). 
V-  Ckem.  Soe.,  683  {1883). 

*  CMMpt.rend.,  xog,  91-95  (iSSg). 

*  Compt'rend.y  108,  857-^59  (/^)- 
^Ann,  Ckem.  (Uebiff),  in,  257  {i860). 
^J.prakt.  Chem.t  30,  37,  107. 

^Ber.  d.  cktm,  Ges.^  23,  3093  (i^). 

*Rtc.d,trav.  Chim.  Pays.  Bas.^  xo,  xoi  (/^/),  and/.  C^an.  Soe.^  54^  4^  {i888), 

*  Ompt.  rend.,  X05, 8x3  {1887). 

10  JSer.  d.  ckem.  Ges.,  x8,  X833  (1885). 

11/.  Cktm.  Soc.,  54*  350  {t888). 

>t  Compt.  rgmd.,  xo6,  xoo  {1888), 

U  BuU.  Soc.  Chim.,  50,  635-^. 

M/.  Chem,  Soc.,  56,  766  {1889). 

U  "  Petroleum  ••  an  lUnxninator,"  Rept  N.  Y.  City  Board  of  Health  for  1870. 
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chese  oils  in  lamps  could  be  avoided  by  the  elimination  of  the  par- 
affins of  low  boiling-points  and  though  not  the  pioneer,  yet 
largely  through  his  active  efforts  and  the  agitation  which  fol- 
lowed them,  this  principle  has  properly  become  widely  embodied 
in  legislation.  This  view  as  to  the  source  of  danger  was  con- 
firmed by  the  experiments  of  Newbury  and  Cutter,*  who  found 
that  all  the  paraffins  below  nonane  formed  explosive  mixtures 
with  air  at  the  ordinary  temperatures,  notwithstanding  that  the 
boiling-point  of  octane  is  124''  C,  and  that  the  limit  of  a  safe  oil 
as  fixed  by  the  '^flashing  test"  defined  by  the  New  York  State 
statutes  is  reached  only  in  decane.  Yet  this  last-named  com- 
pound formed  a  violently  explosive  mixture  at  the  legal  flashing 
temperature  if  but  a  small  quantity  of  the  liquid  was  placed  in 
the  copper  testing  vessel,  thus  indicating  that  entire  safety  is  not 
assured  in  its  use  and  that  accidents  might  occur  when  it  is  used 
in  lamps  so  constructed  that  the  oil  chamber  becomes  highly 
heated.  Dewar*  holds  that  the  relative  volatility  of  petroleum 
oil  is  a  subject  which  is  not  sufficiently  known  and  appreciated. 
By  comparing  the  loss  of  weight  during  twenty-four  hours  of  oils 
exposed  in  shallow  vessels  under  similar  conditions  he  found  at 
66**  F.,  an  American  water-white  oil  of  106*  flash-point  lost  20.4 
per  cent.,  an  oil  of  75'  flash-point  lost  27.4  percent.,  and  a  Rus- 
sian oil  of  85°  flash-point  lost  twenty-eight  per  cent. 

In  observations  that  I  have  made  it  was  very  apparent  that 
the  form  and  material  of  the  containing  vessel  are  most  impor- 
tant factors  in  these  volatilization  experiments.  I  have  found 
for  instance  that  a  given  volume  pf  gasoline  placed  in  an  un- 
corked vial  and  exposed  to  the  ordinary  atmospheric  conditions 
of  a  laboratory  required  ten  weeks  for  complete  volatilization 
when  the  same  volume  of  the  same  lot  of  gasoline  placed  in  an 
evaporating  dish  standing  beside  the  bottle  volatilized  completely 
in  eight  hours.  The  rate  of  evaporation  of  the  various  hydro- 
carbons under  the  same  conditions  has  been  studied  by  Boverton 
Redwood.' 

A  menace  in  the  use,  storage,  and  transportation  of  these  liq- 
uids rests  in  the  rapidity  with  which  their  vapors  diffuse  through 

I  Am.  Ckem./.^  lo,  356-363  (1888), 
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s  "  Detection  of  Inflammable  Gas  and  Vapor  in  the  Air,"  Prank  Clowes,  p.  191  (/|9^}« 
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the  air  and  form  an  explosive  train  which,  reaching  out  to  a 
source  of  ignition,  flashes  back  with  extreme  rapidity  through 
the  entire  train  and  to  its  point  of  origin.  Sir  Frederick  Abel 
cited  an  instance  of  this  which'  happened  at  the  Royal  College  of 
Chemistry  in  1847  when  a  glass  vessel  in  which  benzene  was 
being  converted  into  nitrobenzene  broke  and  allowed  the  warm 
liquid  to  escape  and  flow  over  a  large  surface.  Though  the 
apartment  was  thirty-eight  feet  long,  thirty  feet  wide,  and  ten 
feet  high,  and  the  only  ignited  gas-jet  was  at  the  end  of  the  room 
most  remote  from  the  glass  vessel,  yet  in  a  very  brief  space  of 
time  after  the  vessel  broke  a  sheet  of  flame  flashed  from  the  gas- 
jet  and  travelled  along  the  upper  part  of  the  room  to  the  point 
where  the  fluid  lay  scattered. 

He  also  cites  the  explosion  of  benzoline  at  the  mineral  oil  store 
in  Exeter  in  1882.  The  storerooms  were  arched  caves  in  the 
side  of  a  bank  facing  a  canal  and  separated  from  it  by  a  roadway 
about  fifty  feet  wide.  There  was  a  standing  rule  forbidding  any 
light  being  taken  to  any  of  these  storerooms  when  they  contained 
petroletim  spirit,  but  on  the  day  in  question  it  was  desired  to 
remove  some  of  the  benzoline  in  the  early  morning  and  the  fore- 
man visited  the  storerooms  before  daylight  to  make  ready  for  the 
work.  Forgetful  of  the  rule  he  carried  a  lighted  lantern,  which 
he  placed  on  the  ground  some  twenty-seven  feet  away  from  the 
cave,  and  was  proceeding  to  open  the  door  when  he  observed  a 
strong  odor  of  benzoline  and  almost  immediately  noticed  a  flash 
of  flame  proceed  from  the  lantern  to  the  store  and  had  barely 
time  to  turn  to  escape  when  an  explosion  took  place  which  blew 
the  doo^  and  lantern  across  the  canal  and  inflamed  the  spirits  in 
the  storerooms. 

Of  course  the  distance  that  these  vapors  will  travel  will  be 
determined  by  the  circumstances  of  each  individual  case  but  in 
the  case  of  the  fire  at  the  L.  &  N.  W.  R.  R.  Go's  gas  factory  in 
February,  1897,  through  which  the  hydrocarbons  in  a  cylinder 
that  was  being  rolled  across  the  yard  about  the  works  became 
ignited,  the  nearest  source  of  ignition  was  found  in  the  boiler 
fires  which  were  sixty  feet  away.* 
^  Conditions  such  as  these  are  more  likely  still  to  obtain  when 

^Xoj.  Init.  of  Oreat  Britain,  March  13, 1885. 
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these  inflammable  and  volatile  substances  are  stored  in  enclosed 
spaces  such  as  the  hold  of  a  vessel  during  transportation  and 
they  have  been  the  cause  under  these  conditions  of  many  fright- 
ful accidents.  As  an  example  of  these  we  have  the  case  of  the 
explosion  on  November  21,  1888,  on  the  petroleum-laden  ketch 
*'  United"  at  Bristol,  England,  through  which  the  docks  were 
blown  up,  three  men  killed  and  several  injured,  the  glass  in 
the  windows  shattered  for  a  radius  of  upwards  of  300  feet  and 
extensive  damage  done  by  flre. 

The  accident  was  made  the  subject  of  a  special  report  by  CoL 
V.  D.  Majendie'  which  contains  the  results  of  his  investigation 
and  the  experiments  by  Dr.  Dupr6  and  Mr.  Boverton  Redwood, 
from  which  it  appears  that  the  material  on  the  "United''  was 
** deodorized  naphtha''  in  forty- two  gallon  barrels;  that  the 
average  annual  leakage  on  petroleum  oil  in  barrels  amounted, 
in  1874,  to  eight  per  cent,  and  on  petroleum  spirit  to  double  this 
quantity,  and  that  though  there  has  since  been  a  great  improve- 
ment in  the  treatment  of  the  barrels  it  is  still  very  large ;  that 
one  volume  of  the  liquid  gives  141  volumes  of  vapor  at  ordinary 
temperature  having  a  specific  gravity  of  3.5  to  3.8;  that  one 
volume  of  the  liquid  will  render  1,6000  volumes  of  air  inflam- 
mable, 6000  most  violently  explosive,  5000  strongly  explosive, 
and  3000  scarcely  explosive  but  combustible.  The  naphtha  vapor 
alone  or  when  mixed  with  air  in  the  best  proportions  was  not 
ignited  by  a  shower  of  sparks  from  flint  and  steel,  by  a  stream 
of  sparks  from  fireworks  of  various  kinds  burning  without  flame, 
by  incandescent  match  ends,  or  by  incandescent  platinum  heated 
by  electricity  to  a  red  heat.  Even  red-hot  coals  held  over  and 
sometimes  falling  upon  a  small  quantity  of  the  spirit  spilled  on  a 
wooden  floor  failed  usually  to  ignite  it,  and  the  cause  in  those 
cases  in  which  ignition  did  take  place  in  these  red-hot  coal 
experiments  was  uncertain  as  there  was  a  fire  burning  in  a  near- 
by room.  Ignition  was,  however,  certainly  effected  by  the 
application  of  a  flame  or  by  contact  with  a  platinum  wire 
approaching  incandescence. 

The  ''fireworks"  test  makes  a  striking  lecture  experiment, 
especially  the  one  devised  by  Mr.  Redwood  with  "vesuvians" 
or  incandescent  cigar  lighters.    For  this  purpose  he  attaches 

1  Byre  and  Spottiawoode,  I^ondon  (1889)  1 30  pp. 
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two,  of  the  glowing  variety,  to  a  wire  so  that  the  tip  of  one  will 
be  in  contact  with  the  base  of  the  head  of  the  other.  The  latter 
is  lighted  and  when  it  ceases  to  flame  and  only  glows,  the  mass 
is  thrust  into  the  explosive  mixture,  where  it  remains  with  the 
combustion  progressing  from  tip  to  base  and  base  to  tip  without 
other  effect  until,  when  flame  bursts  from  the  tip  of  the  second 
vesavian,  the  vaporous  mixture  surrounding  it  is  ignited  and  an 
explosion  ensues. 

Col.  Majendie  has  properly  called  attention  in  this  report  to 
the  fundamental  distinctions  between  the  danger  arising  in  the 
transportation  of  a  cargo  of  dynamite  and  one  of  petroleum  spirits 
since  in  the  former  case  an  explosion  does  not  take  place  until 
fire  is  brought  to  the  dynamite,  while  in  the  latter  case  the 
dangerous  vapors  will  travel  to  a  fire  at  a  considerable  distance 
and  even  through 'intervening  bulkheads. 

For  this  reason  mixed  cargoes,  of  which  volatile  inflammable 
liquids  and  explosives  constitute  a  part,  are  particularly  danger- 
ous as  was  long  since  shown  in  the  explosion  of  the  canal  boat 
'*Tilbury"  in  Regent  Park  in  1874,  having  on  board  five  tons  of 
gunpowder  and  four  barrels  of  benzoline  and  also  having  a  small 
fire  burning  in  the  after  cabin  some  thirty-five  to  forty  feet  from 
the  forehold  in  which  the  petroleum  was  stored.  Notwithstand- 
ing that  the  cargo  was  covered  with  tarpaulins,  and  that  there 
was  an  intervening  bulkhead,  the  vapors  reached  the  fire  and  a 
most  devastating  explosion  followed.  The  cargo  was  thus  made 
up  in  spite  of  a  similar  disastrous  experience  from  similar  causes 
on  the  **  Lottie  Sleigh"  at  Liverpool  in  1864'  and  neither  of  them 
have  proved  a  sufficient  warning  to  altogether  prevent  subsequent 
reckless  disregard  of  all  dictates  of  common  prudence. 

Yet  because  of  these  experiences  attempts  have  been  made  in 
some  instances  where  small  lots  of  spirit  were  taken  by  vessels 
to  avert  disaster  by  carrying  them  as  deck  loads,  but  the  exper- 
ience on  the  **Solway"  which  carried  twenty-four  barrels  of  this 
article  on  the  main  deck  before  the  poop  shows  that  this  does 
not  insure  security,  for,  meeting  with  heavy  weather  the  casks 
broke  adrift,  their  vapors  reached  the  galley  or  cabin  fires  and 
the  vessel,  with  nineteen  persons,  was  lost. 

Even  where  great  precautions  are  taken  to  prevent  accidents 

1  Abel :  Uk.  cii. 
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they  not  infrequently  occur  from  inflammable  substances  being 
met  with  in  unexpected  places  or  being  introduced  surreptitiously 
in  admixture  with  harmless  bodies.  Nowhere  perhaps  is  more 
care  taken  in  this  respect  than  on  passenger  steamships,  and  in 
the  naval  service  yet  eighteen  years  ago  a  series  of  accidents 
occurred  on  board  English  ships,  the  cause  of  which  was  for  a 
time  veiled  in  mystery,  and  which,  in  the  then  existing  state  of 
feeling  consequent  on  the  dynamite  outrages,  aroused  the 
gravest  apprehensions. 

In  June,  1880,  a  violent  explosion  took  place,  without  any 
warning  or  apparent  cause,  in  the  forepeak  of  the  Pacific  Steam 
Navigation  Co.'s  steamer  *'Coquimbo"  shortly  after  her  arrival 
in  Valparaiso.  Several  plates  were  blown  out  of  the  bow  and 
other  structural  damage  was  inflicted  while  the  ship's  carpenter, 
who  was  the  only  person  who  could  have  thrown  any  light  on 
the  cause  of  the  accident,  was  killed. 

This  explosion  was  followed  on  April  26,  i88i,byamuch 
more  serious  one  on  the  man-of-war  ''Doterel"  (while  at  anchor 
off  Sandy  Point  in  the  Straits  of  Magellan),  through  which  eight 
officers  and  135  men  lost  their  lives  and  the  vessel  was  destroyed. 
In  May  of  the  same  year  an  explosion  of  a  trifling  character  hap- 
pened on  H.  M.  S.  * 'Cockatrice''  in  Sheemess  Dockyard,  while 
in  November,  one,  which  was  sufficiently  severe  to  kill  two  men, 
dangerously  wound  two  more  (one  fatally)  and  injure  six  others, 
besides  doing  much  damage  to  the  ship,  occurred  on  H.  M.  S. 
"Triumph"  then  at  Coquimbo. 

The  first  suggestion  as  to  the  real  cause  of  these  accidents 
was  obtained  in  the  investigation  of  that  on  the  ''Cockatrice," 
when  it  was  developed  that,  just  previous  to  the  explosion,  a 
man  went  into  the  storeroom  with  a  naked  light  which  he  held 
close  to  a  small  can,  that  was  uncorked  at  the  time,  and  which 
contained  a  preparation  recently  introduced  into  the  naval 
service  (as  a  "drier"  for  use  with  paint)  under  the  name  of 
'xerotine  siccative,'  and  that  this  largely  consisted  of  a  most 
volatile  petroleum  product.  As  it  had  been  issued  without 
knowledge  of  this  fact,  instructions  were  at  once  sent  out  by  the 
Admiralty  directing  that  it  should  be  stored  and  treated  with  the 
same  precautions  as  turpentine  and  other  highly  inflammable 
liquids  or  preparations ;  and  these  instructions  had  but  recently 
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reached  the  **  Triumph"  when  the  accident  narrated  happened 
to  her.  Inquiry  here  developed  the  fact  that  the  explosion 
originated  in  the  paint  room  through  bringing  a  lantern  to  a 
compartment  in  which  a  leaky  can  of  the  siccative  had  been 
stored,  and  following  up  this  clue  the  explosions  on  the 
"Coquimbo"  and  ''Doterel**  were  fully  and  definitely  proved  to 
have  been  due  to  the  presence,  on  board,  of  this  same  substance, 
while  experiments  with  the  material  showed  that  it  was  capable 
of  producing  all  the  destructive  effects  observed,  except,  perhaps, 
in  the  case  of  the  "Doterer*,  where,  from  the  two  reports  noted 
and  the  other  resemblances  to  the  Regent  Park  explosion,  there 
was  but  little  doubt  that  the  powder  magazine  was  also  exploded. 

Such  accidents  were  not,  however,  confined  to  British  vessels 
for  on  October  13,  1891,  while  the  U.  S.  S.  **Atlanta*'  was  going 
to  the  rescue  of  the  wrecked  *  'Tallapoosa'  * ,  an  explosion  occurred 
on  the  ** Atlanta'*  which  caused  her  immediate  return  to  New 
York.  I  was  at  once  ordered  by  the  secretary  of  the  navy  to 
proceed  to  New  York  and  investigate  the  accident. 

I  learned  that  while  the  * 'Atlanta"  was  laboring  in  a  heavy  sea 
she  sprung  a  leak  through  the  hawse  pipes  and  the  forward 
collision  compartment  began  to  fill  with  water ;  that  a  handy-billy 
was  rigged  to  pump  the  compartment ;  that  about  midnight  the 
suction-pipe  became  plugged,  and  that  on  lowering  a  common 
lantern  into  the  compartment  an  explosion  ensued  severely 
injuring  two  men,  slightly  injuring  four  others,  and  bulging  the 
steel  collision  bulkhead.  I  found  that  the  collision  compart- 
ment had  been  used  as  a  storeroom  for  paints ;  that  among  them 
were  spar  and  damar  varnishes  and  Japan  dryer  each  of  which 
gave  off  inflammable  vapors  at  ordinary  temperatures ;  that  the 
packages  were  sealed  in  a  very  insecure  manner;  and  that  as 
this  compartment  filled  and  the  vessel  tossed,  the  cans  were 
opened  and  their  contents  churned  up  so  as  to  readily  form  explo- 
sive mixtures  with  the  air.  I  learned  further  that  on  June  15th 
previous,  a  fire  and  explosion  had  taken  place  on  board  the 
U.  S.  S.  *•  Philadelphia"  in  close  proximity  to  her  powder  maga- 
zine, and  that  another  hW  occurred  on  the  U.  S.  S.  **Benning- 
ton",  all  being  evidently  due  to  the  same  material. 

But  notwithstanding  these  vigorous  lessons  the  tale  continues 
and  on  April   14,  1896,'  a  **petroleum  accident"  occurred  on 
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board  the  Cunarder  S.  S.  **Servia"  when  a  party  of  men  were 
engaged  in  painting  the  inside  of  a  water-ballast  tank.  The 
tank,  which  was  three  feet  six  inches  deep,  was  divided  into 
sixteen  compartments  with  eighteen  inches  aperture  between 
each.  The  furthest  compartment  was  being  painted  at  the  time 
and  it  was  necessary  to  crawl  through  fifteen  of  the  small  aper- 
tures to  reach  it.  The  paint  used  was  styled  patent  bitumastic 
solution,  and  one  of  the  survivors  testified  that  it  took  him  four 
or  five  minutes  to  reach  the  compartments,  ten  minutes  to  do  the 
painting,  and  four  or  five  minutes  to  return,  and  that  he  could 
not  stoop  down  any  longer  as  it  made  him  dazed  and  queer  in 
his  head.  All  the  witnesses  testified  that  the  use  of  the  solution 
in  confined  spaces  made  them  drunk  and  delirious  if  they 
remained  any  length  of  time  at  work.  This  is  a  well-known 
effect  of  the  lighter  petroleums,  and  it  is  not  surprising  that  the 
solution  was  found  to  consist  of  coal-tar  dissolved  in  crude  oil, 
having  a  flashing-point  of  45''  F.  Abel,  and  containing  so  much 
volatile  matter  that  one  gallon  spread  over  a  large  surface  would 
render  forty-eight  cubic  feet  of  air  inflammable. 

Notwithstanding  this  the  workman  went  into  this  inner  com- 
partment, which  was  already  partly  covered  with  the  freshly- 
laid  solution  and  containing  a  partly  filled  bucket  of  it,  with  a 
lighted  candle.  Sometime  having  passed  without  hearing  from 
him  another  workman  went  to  his  assistance  and  found  the  place 
on  fire  and  the  man  burned  and  delirious.  He  was  so  delirious 
as  to  fight  against  coming  out  and  it  took  an  hour  and  a  half  with 
assistance  to  get  him  through  the  apertures  and  up  the  manhole, 
and  he  afterwards  died  in  the  hospital  from  the  effects  of  the 
disaster.  Even  while  writing  this  we  learn  from  the  local  press 
that  a  ftre_precede4  by  an  explosion,  due  to  the  use  of  bitumas- 
tic solution,  occurred  at  the  Central  Market  House,  Washington, 
D.  C,  on  November  16,  1898. 

The  notorious  **  Hair  Dressers'  Accident"  of  June  26,  1897, 
through  which  Mrs.  Samuelson  was  fatally  injured  in  London, 
by  the  ignition  of  a  petroleum  hair- wash  which  was  being  used 
as  a  shampoo,  illustrates  anew  the  mailifold  uses  to  which  these 
hydrocarbons  are  being  put  and  it  brought  out  strongly  the 
belief  of  competent  authorities  like  Lord  Kelvin  that  these  sub- 
stances could  be  ignited  by  frictional  electricity, — ^a  theory  which 
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had  been  offered  before  in  explanation  of  accidents  in  which 
there  was  no  other  apparent  source  of  ignition. 

The  wide-spread  distribution  of  these  spirits  in  the  hands  of 
retailers,  or  as  used  for  carburetters  in  isolated  vapor  lighting 
plants  and  as  employed  in  the  arts  for  solvents,  cleansing  agents, 
and  for  other  purposes  has  led  to  their  accumulation,  through 
leakage  or  by  being  discharged  after  use,  in  low  places  such  as 
cellars,  cisterns,  wells,  sewers,  and  the  bilges  of  ships  where  they 
have  remained,  in  some  instances  for  long  periods  of  time,  un- 
known and  unnoticed,  their  origin  even  being  completely  for- 
gotten and  untraceable,  until,  when,  in  the  course  of  events, 
these  out-of-the-way  places  have  been  reentered,  these  bodies 
have  given  rise  to  accidents.  It  is  a  well-known  precaution  of 
the  past  before  entering  a  well  or  cave  to  test  its  atmosphere  for 
carbon  dioxide  by  means  of  a  naked  candle  but  this  very  method 
of  procedure  has,  since  the  introduction  of  petroleum,  been  the 
cause  of  accidents  and  to  be  assured  of  .security  we  must  now 
remove  and  test  the  air  before  entering. 

The  extended  consumption  of  naphtha  for  carburetting  water- 
gas  and  the  ease  with  which  it  is  conveyed  through  pipes  has 
resulted  in  the  use  of  systems  of  pipe  lines  in  our  cities  to  carry 
the  oil  from  the  transportation  lines  or  store  tanks  to  the  works. 
Such  a  line  was  laid  in  Rochester,  New  York,  and  on  December 
21,  1887,  it  gave  rise  to  an  explosion  which  killed  three  men, 
seriously  injured  twenty,  destroyed  three  large  flour-mills,  tore 
up  the  streets  for  a  considerable  distance,  and  inflicted  an  esti- 
mated loss  of  $250,000.  This  pipe  line,  which  was  made  of  three 
inch  wrought  iron  pipe,  one  and  one-half  miles  in  length,  had 
been  in  successful  use  for  six  years,  the  spirits  being  pumped 
through  it  every  two  weeks  in  lots  of  from  12,000  to  15,000  gal- 
lons each.  From  the  Appeal  Book  in  re  Ann  I^ee  vs  the  Vac- 
uum Oil  Co.,  Rochester,  1889,  we  learn  that  the  conveyance  of 
the  naphtha  was  complete  on  December  7  ;  on  December  8,  the 
contractors  constructing  a  sewer  exposed  a  section  of  the  pipe 
Hue,  for  several  feet,  and  in  blasting  beneath  it  a  piece  of  rock 
struck  the  pipe  with  sufficient  force  to  bend  it  up  nearly  nine 
inches  at  the  point  struck  and  to  separate  it  at  a  joint  further  on 
underground  and  closely  connected  with  a  sewer  ;  that  on  the 
day  fixed  for  the  next  delivery,  December  21,  the  Oil  Company, 
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being  unaware  of  the  then  existing  conditions,  pumped  the  full 
supply  into  the  pipe  none  of  which  reached  the  gas  works  but  on 
the  contrary  found  its  way,  by  the  broken  joint,  into  the  sewers 
and  was  thus  distributed  over  the  cit^  ;  that  the  pumping  of  the 
oil  began  at  12.15  p*^-  l  the  odor  was  noticed  shortly  after  i  p.m. 
coming  from  a  sewer  at  a  point  nearly  a  mile  distant  from  the 
break ;  the  first  explosion  occurred  at  this  point  at  3.20  p.m. 
and  immediately  extended  westward  back  to  the  break  and  east- 
ward to  the  outlet  of  the  sewers,  tossing  up  manhole  plates,  up- 
lifting roadways  and  overturning  buildings  ;  that  the  explosive 
mixture  was  ignited  by  a  fire  under  a  steam  boiler ;  and  that  this 
vapor  found  its  way  from  the  sewer  to  the  fire  through  an  un- 
trapped  water-closet  at  a  point  where  exhaust  steam  was  being 
injected  into  the  sewer. 

At  the  trial,  Mr.  P.  L.  King,  p.  173,  stated  that  crude  naph- 
tha, flashing-point  13°  F.,  percolated  through  earth  six  times  as 
fast  as  water  at  the  same  temperature,  his  several  experiments 
being  made  with  temperatures  varying  for  the  liquids  from  38^  F. 
to  60*  F.,  and  for  the  earths  from  32**  F.  to  60*  F.  Mr.  George  B. 
Selden,  p.  178,  found  the  mixture  of  naphtha  and  air  in  the  best 
proportions  to  give,  on  explosion,  a  pressure  of  140  pounds  per 
square  inch,  while  coal-gas  and  air  in  the  best  proportions  gave 
160  pounds  per  square  inch,  and  that  the  ignition-point  of  the 
naphtha  mixture  was  950^  C,  while  that  of  the  coal-gas  mixture 
was  800**  C. 

I  have  already  referred  to  the  means  taken  for  insuring  the 
removal  of  the  more  volatile  hydrocarbons  from  domestic  kero- 
sene, a  subject  which  has  been  very  exhaustively  treated  by 
Rud.  Weber.*  It  has,  however,  been  seriously  stated  that  the 
lighter  oils  such  as  benzoline  or  naphtha  might  be  rendered  safe 
for  use  in  lamps  by  adding  alum,  sal  ammoniac,  or  camphor  to 
them,  and  many  innocent  persons  have  suffered  in  consequence 
of  their  belief  in  the  eflScacy  of  these  substances.  Some  years 
since*  I  tested  the  effect  of  these  bodies  by  determining  their  sol- 
ubility in  benzoline  ;  the  flashing-points  of  benzoline  and  com- 
mercial kerosene  when  treated  with  these  bodies  and  when  in 
their  original  state  ;  and  also  the  readiness  with  which  mixtures 
of  the  oils,    in  the  two  conditions,   with  air  could  be  exploded. 

1  Dinglcr's^/y.y-  a4i.  V7  ««<"  383  OS81). 
9 Proc.  A.  A.A.S.,Z3,  174  (/88s). 
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The  results  showed  that  alum  and  sal  ammoniac  were  practically 
insoluble  in  the  oils  and  produced  no  effect  whatever  upon  them; 
that  the  camphor  was  soluble,  one  gram  of  benzoline  dissolving 
about  one  and  five-tenths  grams  of  camphor ;  that  an  equal 
weight  of  camphor  raised  the  flashing-point  of  a  kerosene  12''; 
but  that  on  the  othec  hand  the  vapor  of  this  camphorated  kero- 
sene, when  mixed  with  air,  had  a  lower  point  of  ignition  and 
hence  exploded  with  greater  readiness  than  the  original  kero- 
sene. 

What  is  true  regarding  the  use,  storage,  and  transportation  of 
petroleum  products  holds  for  other  easily  volatile  liquids.  Prof. 
Thomas  Graham  in  his  report*  on  the  cause  of  the  loss  of  the 
"Amazon"  on  January  4,  1852,  pointed  out  clearly  the  dan- 
ger in  transporting  turpentine,  while  the  destruction  of  the 
"  Livadia"  of  Liverpool,  May  11, 1891,  carrying  a  cargo  of  car- 
bon disulphide,  emphasizes  the  hazard  attending  this  substance, 
for  this  heavy  and  very  mobile  liquid  gives  off  quite  rapidly,  at 
ordinary  temperatures,  a  vapor  which  is  2.64  times  heavier  than 
air,  and  which  not  only  readily  collects  at  the  bottom  of  any 
space  in  which  it  is  produced  but  flows  in  a  stream  like  water. 

One  of  the  more  striking  characteristics  of  the  mixture  which 
this  vapor  forms  with  air  is  its  low  point  of  ignition.  The 
tiniest  spark,  a  cinder  after  it  has  ceased  to  glow,  or  the  stri- 
king together  of  two  pieces  of  iron  without  sparking  are  sufiicient 
to  determine  its  ignition.  This  property  may  be  exhibited  by 
plunging  a  glass  rod  heated  to  231*0.  (450°  F.)  (a  temperature 
at  which  it  can  be  touched  with  the  bare  hand),  into  the  mix- 
ture. 

The  use  of  ether,  alcohol,  acetone,  and  aldehyde  with  nitro- 
glycerine and  guncotton  for  the  manufacture  of  smokeless  pow- 
ders and  of  the  esters  as  solvents  for  pyroxylin  in  the  making  of 
the  varnishes  that  are  largely  used  in  household  decoration  are 
some  of  the  more  modern  forms  of  hazard,  while  the  explosion 
at  the  Hotel  Endicott  in  New  York  and  at  Newark,  N.  J.,  indi- 
cates what  may  be  expected  from  the  more  extended  use  of  liq- 
uefied air  and  liquefied  acetylene. 

Although  Dr.  John  Clayton,  the  Dean  of  Kildare,  in  the  six- 
teenth century  effected  the  destructive  distillation .  of  coal   and 

1 "  Spontaneous  Combustion  and  Explosions  Occurring  in  Coal  Cargoes,"  Thomas 
Rowan,  p.  40  (1882). 
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collected  and  burned  the  gas  from  it/  it  was  not  until  1792  that 
William  Murdock  devised  the  means  for  utilizing  the  substance 
and  erected  a  plant,  at  Cornwall,  England,  with  which  to  light 
his  house  and  office,  and  after  several  years  of  active  agitation 
by  the  energetic  promoter,  F.  A.  Winsor,  that  in  18 10  an  Act  of 
Incorporation  was  obtained  for  the  London  and  Westminster 
Gas- Light  and  Coke  Co.,  and  the  first  installation  on  a  large 
scale  for  lighting  the  streets  of  a  city  and  supplying  the  public 
begun,  and  through  the  ingenuity  and  resources  of  Samuel 
Clegg,  the  engineer,  the  devices  were  invented  or  assembled  by 
which  the  practical  manufacture,  storage,  distribution,  and  use 
was  successfully  accomplished. 

From  this  source  the  use  of  gas  for  lighting  and  heating  ex- 
tended over  the  world  reaching  New  York  in  1834  and  bringing 
in  its  train  comfort  and  cheer ;  increased  security  and  added 
power  to  man  so  long  as  the  substance  was  confined  to  its  proper 
channels  and  used  in  proper  devices  but  carrying  also  the  possi- 
bility of  working  harm  if  the  vigilance  of  its  keepers  was  relaxed 
and  it  escaped  from  bounds  ;  therefore  beginning  with  the  explo- 
sion at  the  lime  purifier  of  the  Peter  Street  Station,  London,  in 
1814,  through  which  Mr.  Clegg  was  injured  and  two  nine-inch 
walls  thrown  down  we  have  a  vast  array  of  explosive  accidents 
originating  in  the  ignition  of  mixtures  of  illuminating  gas  with 
air. 

Owing  to  the  circumstances  attending  some  of^hese  explo- 
sions there  has  arisen  a  vulgar  opinion  that  illuminating  gas  is 
an  explosive  ;  in  fact  in  a  recent  case'  counsel  cited  opinions  of 
courts  deciding  **  gas"  to  be  explosive  ;  yet  every  chemist  knows 
that  it  is  not  explosive  per  se  and  that  it  cannot  even  be  made 
to  ignite  unless  in  contact  with  air  or  other  supporter  of  com- 
bustion. 

While  we  know  the  truth  and  may  be  able  to  demonstrate  the 
fact  it  is  very  satisfactory  to  be  able  also  to  cite  the  results  of 
experience  on  a  large  scale.  Therefore  the  following  from  the 
Jour,  of  Gas-lighting,  KvLg.  i,  1 871,  may  be  welcome.  It  appears 
that  at  the  bombardment  of  Paris  the  Governor  of  the  city  feared 
the  gas-holders  of  La  Villette  would  endanger  the  fortifications. 

I  Treatise  on  Coal  Gaa,  William  Richards,  {1877). 
<  Proc.  U.  S.  Nov,  Inst,.  t%,  638  {1896). 
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He  was  assured  that  there  was  not  the  smallest  risk  ;  that  if  a 
projectile  penetrated  a  gas-holder  and  set  fire  to  the  gas  the  lat- 
ter wonld  only  bum  out  as  a  jet  of  flame,  and  that  there  could  be 
no  such  thing  as  an  explosion  since  the  constant  pressure  would 
effectually  prevent  any  access  of  air.  Shortly  after,  a  shell 
pierced  the  holder  at  Ivry  and  lighted  the  gas.  There  was  a 
hage  jet  of  flame  for  eight  minutes,  the  holder  sank  slowly,  and 
all  was  over.  At  La  Villette  a  shell  penetrated  a  filled  gas- 
holder and  burst  in  the  interior  without  igniting  the  gas.  At 
Vaugirard  another  shell  entered  and  again  there  was  neither  igni- 
tion nor  explosion. 

Many  of  the  accidents  from  coal-gas  and  its  congeners  ''water- 
gas,'*  ''producer  gas,'*  and  "generator  gas"  have  been  due  to 
the  escape  of  the  gases  from  the  interred  pipes  and  mains  from 
which  they  have  reached  sewers,  cesspools,  cellars,  and  other 
enclosed  places,  for  though  these  gas  conduits  may  be  sound 
and  tight  when  laid,  leakage  will  in  time  be  caused  by  the  cor- 
rosive action  of  materials  in  the  soil,  by  electrolysis,  by  fluctua- 
tions in  temperature,  by  settlement  in  filled  ground,  and  by 
seismic  changes.'  The  extent  of  this  leakage  from  the  mains  in 
New  York  City  was  discussed  in  a  legislative  investigation  some 
nine  years  ago,  and  while  the  chemist  of  the  health  department 
claimed  that  ten  per  cent,  of  the  entire  annual  product  or  looo 
million  cubic  feet  escaped,  the  gas  companies'  representatives 
denied  that  more  than  100,000,000  feet  were  lost  in  each  year. 
W.  C.  Holmes  &  Co.*  give  the  allowed  leakage  as  five  percent, 
and  the  average  leakage  as  ten  per  cent,  while  H.  Tobey  in  his 
paper  on  "Elusive  breakages  for  Mains  and  Services,'"  which 
was  warmly  discussed  by  the  Gas  Association  before  which  it 
was  read,  shows  that  the  condition  still  exists,  and  he  gives 
illustrations  showing  the  danger  consequent  on  leaving  aban- 
doned sewers  in  place. 

Owing  to  the  fact  that  Bunsen,  Ang^s-Smith,  Letheby,  and 
Dnrand-Claye  found  large  quantities  of  methane,  hydrogen  sul- 
phide, and  sometimes  carbon  monoxide,  in  the  gases  from  stag- 
nant sewage  decomposing  under  water,  there  has  arisen  a  belief 
that  "sewer-gas"  is  explosive.      Simple  consideration  of  the 

1  Milne :  McClures  Mag.,  iz,  17-37  (/«^). 

*  **Iiistnictioat  for  the  Management  of  Gat  Works,"  p.  41  •  Lond.  (/J7/). 

Mm.  Gas-lAghtJ,,  «4,  767  {1896), 
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facts  that  such  stagnation  cannot  occur  in  a  properly  constructed 
sewer  and  that  such  a  change  does  not  take  place  in  flowing 
sewage  is  sufficient  to  cast  doubt  on  the  existence  of  such  a  gas. 
It  has  been  completely  shown  by  Prof.  Wm.  Ripley  Nichols  in 
his  **Chemical  Examination  of  S^wer  Air'"  as  the  result  of  his 
own  extended  observations,  and  from  the  discussion  of  numerous 
data  by  other  investigators,  that  sewer  air  differs  from  ordinary 
air  only  in  containing  a  larger  percentage  of  carbon  dioxide  and 
thsct  * 'sewer  air  is  neither  inflammable  nor  explosive."  The  air 
of  vaults  and  cesspools  is,  of  course,  a  different  thing  as  the 
material  in  these  may  become  stagnant. 

It  was  as  early  as  1819  that  an  English  patent  was  granted  to 
David  Gordon  and  Edward  Heard,  for  compressing  gas  in 
strong  copper  or  other  vessels  fitted  with  ingenious  reducing 
valves  for  regulating  its  rate  of  emission,  thirty  feet  of  gas  being 
compressed  into  a  volume  of  one  cubic  foot ;  and  gas  so  com- 
pressed in  cylinders  of  two  cubic  feet  capacity  were  conveyed  to  the 
houses  of  consumers,  with  which  to  operate  an  isolated  plant. 
Sometimes  the  pressure  was  sufficient  to  liquefy  the  gas  and  it 
is  interesting  to  note  that  it  was  in  the  liquid  from  one  of  these 
reservoirs  that  Faraday  discovered  benzene. 

Naturally  the  tension  of  the  gas  itself  tends  to  rupture  the 
receptacle  and  many  accidents  from  explosions  of  this  nature 
have  occurred  owing  to  defects  in  the  cylinders,  or  to  the 
exposure  of  the  filled  cylinders  to  unduly  high  temperatures,  or 
to  shocks ;  a  recent  accident  that  could  not  be  explained  in  any 
other  way  occurred  at  Albany,  X.  Y.,  on  December  6,  1893.' 

With  the  increased  demand  for  compressed  gases  of  various 
kinds  under  high  tensions,  such  as  carbon  dioxide,  sulphur 
dioxide,  ammonia,  chlorine,  nitrogen  monoxide,  acetylene,  air, 
and  others  which  are  being  used  or  introduced  for  commercial, 
scientific,  or  domestic  purposes,  there  is  being  developed  a  con- 
tinued improvement  in  the  strength  and  homogeneity  of  the  cyl- 
inders so  that  the  danger  from  this  cause  is  diminishing. 

Although  Dr.  Robert  Hare  had  invented  his  oxyhydrogen 
blowpipe  in  1801'  yet  in  1834  Gordon  and  Deville  were  granted  a 
patent  for  their  calcium  or  '*lime''  light.     It  was  expected  by 

1  Rept.  Supt.  of  Sewers,  Boston,  Mass.,  1879. 
a  Proc.  U,  S.  Nav.  Inst.,  ss,  638  {1896). 
s  This  Journal,  29,  719  {tSgj). 
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the  projectors  that  this  form  of  light  would  replace  gas,  as 
burned  from  ordinary  burners,  for  lighting  streets,  and  it  caused 
the  holders  of  gas  securities  much  anxiety,  but  as  we  are  now 
aware  the'  device  came  to  be  used  for  geodetic,  scientific,  and 
exhibition  purposes  only. 

Where  the  gases  stored  in  vessels  are  of  an  inflammable  nature 
there  is  an  additional  risk  to  that  due  to  the  tension  of  the  gas 
since  by  admixture  with  gas  or  oxygen  an  explosion  occurs  on 
ignition.  One  source  of  these  accidents  arises  from  the  diffusion 
of  one  gas  back  into  the  reservoir  of  another  gas,  but  this  is 
entirely  prevented  by  proper  regulation  of  the  pressure  and  size 
of  the  orifice.  Another  arises  from  confusing  the  cylinders  when 
filling  them  and  to  prevent  this  the  cylinders  have  been  painted 
different  colors.  Yet  as  shown  by  the  fatal  accident  described 
by  W.  N.  Hartley*  this  has  not  prevented  the  deliberate  inter- 
change of  the  cylinders  under  the  pressing  demands  of  trade, 
and  the  usual  casualty  has  followed.  Therefore  he  proposes 
that  the  fittings  for  the  two  classes  of  cylinders  be  made  so 
entirely  different  that  it  will  be  practically  impossible  to  charge 
the  cylinder  with  the  wrong  gas  and  in  view  of  the  probable 
increased  use  of  gas  in  this  form  as  indicated  by  Mr.  Thomas 
Fletcher'  the  change  should  be  made.  Yet  I  doubt  if  it  will  be, 
except  under  compulsion  of  law,  for  I  have  learned  in  my  efforts 
to  introduce  safety  explosives  in  this  country  that  the  great 
majority  will  not  secure  the  assurance  of  safety  if  this  entails  a 
little  inconvenience  and  the  taking  of  a  little  more  pains. 

A  more  common  source  of  accident  has  come  from  impurities 
btroduced  in  the  making  of  the  oxygen  as,  at  Nahant,  Mass., 
where  pulverized  stibnite  was  mistaken  for  pyrolusite,  and 
mixed  with  the  potassium  chlorate.  Limonsin  describes  an 
accident  at  Cannes  in  iS8o,  which  attracted  unusual  attention 
from  the  factitious  circumstance  that  the  gas  was  being  prepared 
for  the  Empress  of  Russia,'  and  found  the  cause  in  the  evolution 
of  hydrocarbons  from  the  rubber  connecting  tube  by  particles  of 
heated  potassium  perchlorate  carried  into  it  through  the  turbu- 
lence of  the  reaction ;  while  Prof.  C.  A.  Young  gives  an 
account^  of  the  explosion  at  Princeton  while  filling  a  steel  cyl- 

1  Okem.  News,  sg.  75  {tSSg). 

*  **Oii  a  New  Commercial  Application  of  Oxygen."  /.  Soc,  Chem.  fnd,,  7,  i8a  (r888), 

•  Cr.  S.  JVav.  Inst.,  14,  167  {,1888). 

4  Sfumtific  Atnericau,  p.  369,  June  11,  1887. 
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inder  with  oxygen  by  means  of  a  water-jacketed,  steam  force 
pump  and  finds  the  cause  in  oil  used  for  lubricating  the  pump 
being  sprayed  into  the  gas  cylinder  so  as  to  form  an  explosive 
mixture  with  the  oxygen.  He  recommends  the  use  of  soap-suds 
as  a  lubricant  in  place  of  oil.  Prankland*  describes  a  similar 
instance  and  gives  a  similar  explanation.  Recently  my  atten- 
tion has  been  called  to  several  accidental  explosions  of  oxy- 
hydrogen  mixtures  formed  in  the  operation  of  storage  batteries, 
the  detonating  gas  being  fired  by  the  spark  formed  on  breaking 
connections  at  the  battery. 

But  of  all  circumstances  under  which  explosions  occur  the 
most  awful  are  those  which  so  frequently  happen  in  mines,  for 
if  the  miner  escapes  instant  death  it  too  often  is  but  to  die  from 
suffocation  or  worse  yet  to  be  entombed  and  perish  from  starva- 
tion preceded  perhaps  by  insanity. 

It  has  long  been  known  that  fire-damp  found  its  way  into  coal 
mines,  and  in  1674  Mr.  Jessop  communicated  to  the  Royal 
Society  a  description  of  the  accident  met  with  by  Mr.  Michel 
who  penetrated  into  the  gallery  of  a  coal-pit  in  Yorkshire  with 
a  naked  torch  and  was  severely  burned.  It  is  interesting  to  note' 
that,  when  rescued,  he  declared  he  had  heard  no  noise  though 
the  workmen  in  the  vicinity  had  been  terrified  by  a  tremendous 
report  accompanied  by  a  vibration  of  the  earth.  As  is  to  be 
expected,  from  what  we  now  know  of  natural  gas,  inflammable 
gases  are  not  confined  to  coal  mines,  but,  as  shown  by  B.  H. 
Brough,'  they  are  met  with  in  metalliferous  mines  and  other 
excavations  also. 

The  appalling  nature  of  these  catastrophes  led  to  efforts  being 
made  to  at  least  reduce  their  frequency  if  not  to  prevent  them 
altogether,  an  extended  account  of  these  being  given  in  ''Mining 
Accidents  and  their  Prevention'*  by  Sir  Frederick  Abel,  N.  Y., 
i88g.  It  was  early  recognized  that  the  presence  of  naked  light 
was  a  constant  source  of  danger  and  hence  the  invention  of  the 
safety-lamp  by  Sir  Humphry  Davy  in  1816^  was  hailed  as  a  most 
beneficent  gift  of  science,  and  this  was  soon  followed  by  the 
lamps  of  George  Stephenson  and  Dr.  Clauny.     When  exposed 

'^Am.  Gas-LighiJ.,  5»  289  (/A5^). 

s  Treatise  on  Coal  Gas.  Wm.  Richards,  p.  4, 1877. 

B  School  of  Mines  Quart.,  zs,  13-33  (/^). 

4  Trans,  Roy.  Soc.,  zo6,  x. 
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but  a  short  time  in  an  atmosphere  rich  in  gas,  and  which  is 
moving  at  a  low  velocity,  these  lamps  protected  the  miner ;  but 
if  allowed  to  remain  for  some  time  in  the  gas-rich  atmosphere 
the  gauze  becomes  heated  to  the  ignition-point  of  the  gas  mix- 
ture burning  within  it.  By  the  introduction  of  ventilating 
appliances  to  remove  the  gas,  the  currents  of  air  in  the  main- 
ways  frequently  reach  a  velocity  of  between  twenty  and  twenty- 
five  feet,  and  between  two  airways  it  may  rise  to  thirty- five  feet  per 
second.  In  breaking  down  the  coal,  the  confined  gas  may  rush 
out  at  a  very  high  velocity  it  being  found  by  experiment  at  the 
Boldon  Colliery  that  the  gas  may  be  under  as  great  a  pressure 
as  461  pounds  to  the  square  inch.  And  finally  the  air  and  gas 
may  be  set  in  motion  at  a  high  velocity  by  the  firing  of  explo- 
sives to  bring  down  the  rock  or  coal,  and  more  especially  by  a 
"blown  out**  shot.  Under  such  conditions  the  primitive  safety- 
lamps  above  described  failed  but  protected  lamps  have  been 
invented  which  have  resisted  currents  of  even  fifty  feet  per 
second  for  a  brief  period,  though  it  is  said  that  these  are  inse- 
cure in  certain  positions  to  which  they  may  be  tilted  in  practice 
and  that  the  glass  cylinders  are  liable  to  fracture. 

Instead  of  relying  upon  the  safety-lamps  for  protection  a 
better  method  of  procedure  is  to  test  the  atmosphere  of  work- 
ings for  the  presence  of  fire-damp  before  allowing  the  workmen 
to  operate.  Various  methods  have  been  pursued  and  these  are 
summarized  in '*The  Detection  and  Measurement  of  Inflammable 
Gas  and  Vapor  in  Air**  by  Dr.  Prank  Clowes,  i8g6^  Lond.,  and 
he  there  describes  a  very  ingenious  and  efficient  fire-damp 
detector  which  he  has  devised.  This  consists  of  a  simple  and 
convenient  hydrogen  lamp  by  which  one  can  detect  o.  10  per 
cent,  of  methane  or  0.25  per  cent,  of  coal-gas  in  air.  He  attaches 
a  small  steel  cylinder  (weighing  about  fourteen  ounces)  charged 
with  hydrogen  under  100  atmospheres  of  pressure  to  the  side  of 
a  safety-lamp  and  leads  the  gas  through  a  minute  copper  tube 
up  beside  the  wick  holder  of  the  lamp,  there  being  a  reducing 
valve  attached  to  the  cylinder  by  which  to  feed  the  hydrogen  to 
the  lamp  as  desired  in  order  to  control  the  height  of  the  flame. 
The  lamp  is  lighted  as  usual  at  the  oil  wick  and  covered  ; 
then,  when  the  atmosphere,  which  it  is  desired  to  test,  is  reached. 
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the  hydrogen  is  turned  on  and  ignited,  the  oil  flame  is  pricked 
out,  the  hydrogen  flame  adjusted  to  a  regulation  height  of  ten 
mm.  and  the  flame  observed  through  the  chimney  against  a 
black  background.  If  an  inflammable  gas  be  present  it  will 
produce  a  pale  blue  cap  about  the  hydrogen  flame  and  the  height 
of  this  cap  will  increase  with  the  per  cent,  of  the  gas  in  the 
atmosphere.  By  means  of  a  scale  on  the  chimney  the  height  is 
measured  and  the  per  cent,  determined.  In  his  exoeriments, 
Clowes  obtained  the  following : 

Limiting  Bxplosive  Mixtures  of  Various  Gases  with  Air. 

Percentage  of  aras  in  air. 
Lower  ezplo-    Higher  explo- 
Combustible  gas  used.  stve  limit.         sTve  limit.        Method  of  kindling. 

Methaue 5  13  Upward 

**  6  II  Downward 

Coal-gas  Nottingham*"*  6  29  Upward 

**  **  ....  9  22  Downward 

Water-gas 9  55  Upward 

Hydrogen 5  72  *' 

Carbon  monoxide 13  75  ^     *' 

Ethylene 4  22  " 

Acetylene 3  82  Downward 

The  lower  **  limit'*  of  inflammable  gas  represents  the  minimum 
proportion  which,  when  mixed  with  air  under  ordinary  condi- 
tions, will  burn  rapidly,  and  will,  under  certain  conditions,  pro- 
duce explosions.  If  the  proportion  of  inflammable  gas  mixed 
with  the  air  is  less  than  this  in  amount,  the  mixture  will  only 
burn  in  the  immediate  neighborhood  of  the  kindling  flame,  and 
will  not  burn  throughout.  If,  on  the  other  hand,  the  proportion 
of  inflammable  gas  in  the  air  exceeds  the  maximum  **limit"  the 
gas  will  only  be  kindled  and  burn  where  it  is  in  contact  with  an 
additional  supply  of  air. 

All  proportions  of  gas  intermediate  between  these  limits  are 
explosive  when  mixed  with  air,  consequently  the  chance  of  an 
explosion  resulting  from  the  presence  of  one  of  these  gases  in 
the  air  is  the  greater,  the  more  widely  the  ** limits'*  are  apart, 
since  this  gives  rise  to  the  possibility  of  a  larger  number  of  explo- 
sive mixtures  being  produced.  Therefore  the  danger  of  explo- 
sion is  least  with  methane  and  greatest  with  acetylene.  Methane 
is  a  safer  gas  also  because  it  has  a  high  temperature  of  and  a 
slow  rate  of  ignition.     All  of  these  conditions  tend  to  lessen  the 
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number  of  colliery  explosions.  It  is  to  be  noted  that  mixtures 
that  cannot  be  ignited  when  the  flame  is  applied  to  their  upper 
surface  may  be  fired  from  below,  and  this  is  the  method  of  firing 
most  likely  to  occur  in  coal  mines.  Few  of  the  gases  men- 
tioned occur  singly  under  conditions  likely  to  give  rise  to  danger. 
More  commonly  the  combustible  gases  are  present  in  a  state  of 
mixture  as  in  water-gas  and  in  coal-gas. 

In  giving  "limits'*  it  is  assumed  that  the  temperature  of  the 
mixture  is  not  above  iS'^  C.  and  that  the  pressure  does  not 
exceed  seventy-six  cm.,  for  a  gaseous  mixture  which  is  not 
inflammable  under  these  conditions  may  become  inflammable 
under  increased  temperature  or  pressure,  and  also  that  a  mixture, 
that  by  ordinary  test  appears  uninflammable,  will  propagate 
flame  if  a  considerable  volume  of  gas  be  projected  into  it,  owing 
to  the  resulting  increase  in  temperature  and  pressure.  It  will 
be  observed  that  Clowes*  detector  reveals  the  presence  of  gas  in 
proportions  much  below  the  danger-point,  and  gives  timely 
warning. 

The  Ignition  of  the  fire-damp  has  been  frequently  caused  by 
the  gunpowder  and  **straw"  used  in  blasting,  for  the  outbursts 
of  gas  from  the  shaken  coal  and  the  outrush  of  flame  and  incan- 
descent particles  from  the  blast  were  often  coincident.  The  use 
of  electric  primers  and  detonators  remedied  entirely  the  evils 
following  the  use  of  straws  and  naked  fuse,  and  the  employment 
of  the  high  explosives  gave  greater  immunity  by  reducing  the 
frequency  of  the  blasts.  Greater  security  still  has  followed  the 
use  of  the  flameless  explosives  made  from  nitro-substitution  com- 
pounds, or  dynamites  in  which  crystalline  salts,  like  sodium 
carbonate  and  alum,  containing  a  large  amount  of  water  of 
crystallization,  are  incorporated  in  the  mass,  or  water  cartridges', 
in  which  the  explosive  in  the  bore  holes  is  placed  in  a  water- bag 
or  surrounded  by  moss,  or  other  porous  substances,  saturated 
with  water. 

The  occurrence  of  these  mining  accidents  has  caused  the 
authorities  grave  concern  and  several  of  the  European  govern- 
ments, notably  Prussia,  France,  and  England,  have  appointed 
many  commissions,  some  temporary  and  others  continuous,  to 
investigate  the  reasons  for  the  accidents  and  the  methods  of  pre- 
vention.    Many  of  the  most  prominent  chemists  of  these  coun- 
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tries  have  been  called  to  serve  upon  the  commissions  and  their 
reports  have  proved  not  only  useful  in  the  solution  of  the  problem 
in  hand  but  have  been  valuable  contributions  to  chemical 
science.  One  of  the  more  recent  consequences  of  their  delibera- 
tions is  the  establishment  at  Woolwich,  England,  of  a  station  for 
testing  all  explosives  offered  for  use  in  coal  mines,  and  hereafter 
no  explosives  but  those  which  successfully  pass  these  tests  can 
be  used,  and  then  only  in  the  manner  minutely  described  in 
governmental  authorization.' 

The  closer  study  of  the  phenomena  of  explosions  in  gases,  con- 
sequent on  these  investigations,  has  developed  many  interesting 
facts.  Bunsen  found  that  when  mixtures  of  hydrogen  and 
oxygen,  and  of  carbon  monoxide  and  oxygen  in  equivalent  pro- 
portions were  inflamed  the  union  went  on  by  fits  and  starts,  and 
that  the  velocity  of  propagation  of  the  reaction,  through  narrow 
orifices,  was  thirty-four  meters  per  second  in  the  hydrogen- 
oxygen  mixture,  and  but  one  meter  per  second  in  the  carbon 
monoxide-oxygen  mixture.*  Mallard  tested  various  mixtures  of 
methane  and  air,  and  coal-gas  and  air,  in  the  same  way  finding 
the  velocity  of  combustion  to  rapidly  diminish  as  the  proportion 
of  inert  gases  present  increased  and  obtaining  a  maximum 
speed  in  the  case  of  eight  volumes  of  air  to  one  volume  of  marsh- 
gas  of  0.56  meter  per  second.' 

Berthelot  using  tubes  of  forty  meters  in  length  and  five  mil- 
limeters in  diameter,  obtained  velocities  of  2810  meters  per  second 
for  hydrogen-oxygen,  1089  for  carbon  monoxide-oxygen  and 
2287  for  methane-oxygen,^  and  found  that  the  reaction  could  be 
propagated  in  three  different  ways.  First,  by  combustion,  as 
observed  by  Bunsen,  in  which  the  heat  evolved  is  being  contin- 
ually lost  through  radiation  and  conduction,  and  in  which  con- 
sequently the  pressure  is  exerted  by  the  layer  of  burning  mole- 
cules on  their  adjacent  molecules  and  hence  their  velocity  of 
translation  tends  constantly  toward  a  minimum.  Second,  by 
detonation  in  which  the  heat  evolved,  the  pressure  produced  by 
the  reacting  molecules  on  contiguous  molecules,  and  the  velocity 
of  translation  of  the  explosive  reaction  all  tend  toward  the  max- 

^  Rep.  Com.  to  inquire  into  the  History  of  Explosives  for  Use  in  Coal  Mines.  I«ond., 
1897. 

S  Ann.  chim.pkys.^  (4)  14,  449. 

4  Sur  la  force  de  la  poudre,  i,  133. 
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imam.  And  finally,  an  intermediate  stage  all  three  being 
marked  by  distinct  waves.  Von  Oettinger  and  von  Oernet/ 
have  by  a  very  ingenious  arrangement,  succeeded  in  photograph- 
ing first,  a  fundamental  one  which  they  style  Berthelot's  wave; 
second,  more  or  less  parallel  secondary  waves,  whose  existence 
they  explain  on  Bunsdn's  h3rpothesis  of  the  reflex  action  of  waves 
due  to  successive  explosions  produced  by  the  electric  spark,  and 
which  they  style  Bunsen's  waves;  and  third,  polygonal  waves 
of  smaller  amplitude.  They  obtained  a  velocity  of  2800  meters 
per  second  which  is  of  the  same  magnitude  as  those  obtained  by 
Berthelot. 

Berthelot  and  Vieille's  experiments  show  that  when  an  explo- 
sion occurs  in  a  gaseous  mixture  a  number  of  ignited  molecules 
are  projected  forward  with  a  velocity  corresponding  with  the 
maximum  temperature  produced  by  the  chemical  combination. 
The  impact  of  these  molecules  causes  the  ignition  of  the  adja  - 
cent  particles,  and  the  rate  of  progression  of  the  combustion  is 
thus  dependent  upon  the  activity  of  the  chemical  action. 

Mallard  and  Le  Ch&telier  find  that  the  rate  of  propagation  of 
flame  through  an  inflammable  gaseous  mixture  is  affected  not 
only  by  the  temperature  and  size  of  the  igniting  flame,  but  also 
by  the  mechanical  agitation  or  disturbance  of  the  mixture  itself. 
These  results  are  not  surprising  when  it  is  considered  that  for 
the  spread  of  combustion  in  an  inflammable  gaseous  mixture  it 
is  necessary  that  the  temperature  of  the  combustion  should  be 
sufficient  to  ignite  the  uninflamed  portion. 

Dr.  W.  H.  Birchmore*  has  devised  an  apparatus  for  firing  gas- 
eous mixtures  which  shows  many  of  these  phenomena.  He 
uses  two  large  bulbs  connected  by  a  tube  of  determined  dimen- 
sion for  his  explosion  chamber  and  a  large  tin-foil  condenser  for 
igniting  the  mixture,  and  he  finds  the  phenomena  to  be  different 
from  those  observed  in  tubes  ignited  in  the  ordinary  way.  The 
reaction  takes  place  more  promptly  and  sharply  and  when  using 
hydrogen  and  air  in  variable  amount  not  only  is  some  of  the  oxy- 
gen ozonized  but  hydrogen  dioxide  is  produced  with  the  water 
of  the  reaction. 

When  using  acetylene,  with  sufficient  air  to  consume  it  theo- 
retically, some  of  the  carbon  is  separated  out  in  the  solid  form 

1  Ann.  der  Phyt, 

s  Am.  Gas-light  J.^  67,  5^3-565  (/^7)- 
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although  free  oxygen  was  found  in  the  residues,  and  it  was  not 
until  he  had  reached  eight  times  the  volume  of  air  required  by 
the  theory  that  he  got  the  theoretical  amount  of  carbon  dioxide. 

He  also  describes  a  form  of  experiment  which  very  cleverly 
illustrates  the  successive  phenomena  occurring  in  the  acetylene 
explosion  at  Paris.  The  minimum  volume  of  an  inflammable 
gas  which  forms  an  explosive  mixture  with  air  is  very  consider- 
ably reduced  if  fine  dust  is  present  in  the  air.  Buddie  directed 
attention  some  ninety  years  ago  in  an  account  of  the  Wallsend 
Colliery  explosion,  to  the  destructive  effect  produced  by  the  ig- 
nited coal  dust  at  a  distance  from  the  point  of  first  explosion. 
Robert  Bald,  in  1828,  pointed  out'  that  the  blast  of  flame  from 
a  fire-damp  explosion  might  ignite  the  coal  dust  on  the  floor  of 
the  pit.  Faraday  and  Lyell,  in  their  report  on  the  Haswell  Col- 
liery explosion  of  September,  1844,'  demonstrated  that  coal  dust 
may  be  instrumental  in  greatly  extending  and  in  increasing  the 
disastrous  effects  of  fire-damp  explosions.  Abel'  has  shown  that 
the  presence  of  finely  divided  incombustible  mineral  matter  in 
air  containing  less  than  two  per  cent,  of  fire-damp  causes  the 
latter  to  become  explosive  on  ignition  and  Galloway  has  proved 
that  a  mixture  of  air  containing  less  than  one  per  cent,  of  fire- 
damp can  be  made  to  explode  when  charged  with  finely  divided 
coal  dust.  I  have  applied  this  observation  of  the  effect  of  the 
dust  in  facilitating  explosions  to  lecture  experiments  with  inflam- 
mable gaseous  mixtures.^ 

The  explosion  at  the  Capitol  on  November  6th  was  confined 
to  that  portion  of  the  building  known  as  the  supreme  court  sec- 
tion and  which  joins  the  senate  wing  to  the  central  structure. 
In  the  center  of  this  section  is  a  dome  which  is  rarely  noticed  as 
it  is  completely  overshadowed  by  the  central  dome  of  tUe  Capi- 
tol. This  dome  is  supported  in  the  subbasement  on  piers,  while 
all  about  these  piers  are  brick  vaults  and  arches  of  var>'ing 
heights,  carrying  the  many  partition  walls  and  floors  above  them, 
and  these,  with  those  radiating  from  under  the  big  dome  and 
the  connecting  passages,  form  a  perfect  labyrinth.  The  complex- 
ity is  increased  by  several  of  the  spaces  having  been   enclosed 

I  Ed.  Phil.  J.,  5,  loi  (/**S) . 
<  iQst.  C.  E.. Tracts.  Vol.  284. 

•  Accidents  in  Mines,  Proc.  Inst.  Civ.  Eng.^  {/888). 

*  Proc.  U.  S.  Nav.  Inst.,  X2.  429  {tS86). 
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with  brick  walls  so  as  to  carry  steam-heating  coils  and  for  other 
purposes.     A  large  part  of  the  wall  space  had  been  fitted  with 
sheKang  and   these  were  filled  to  overflowing  with   pamphlets. 
One  space  was  used  as  an  engine  room  from  which  to  operate  a 
Sturtevant  blower  that  fed  air  over  the  coils.     This  engine  was 
provided  with  a  woven  guard  screen  to  protect  passers-by  made 
from  five-sixteenths  inch  wrought  iron   rods,  riveted  on  each 
edge  into  two  wrought  iron  bars  each  of  which  was  seven- 
eighths  inch  wide  by  seven-sixteenths  inch  thick.  Directly  oppo- 
site this  screen  and  leading  south,   was  a  low  narrow  passage 
that  opened  into  one  of  the  largest  and  highest  of  the  vaults,  in 
which  was  stowed,  in  the  open  spaces  behind   two  supporting 
walls  or  piers,  the  ash  from  the  wood  fires  which  were  burned  in 
the  rooms  above.     These  hickory  ash-pits,  as  they  were  styled, 
were  south  of   and  directly  in   line  with   the  passage   leading 
toward  the  iron  screen.     This  series  of  compartments  were  on 
the  extreme  west  of  the   subbasement.     A  few  of  the  exterior 
compartments  of  the  subbasement  received  a  very  little  daylight 
but  all  the  rest  was  wholly  dependent  on  artificial  light  and  sev- 
eral, gas-jets  were  kept  constantly  lighted.     In  the  center  of  the 
subbasement,  under  the  dome,  was  a  large  gas-meter  connected 
to  a  four-inch  main  and  having  on  its  outlet  end  a  200-light  gly- 
cerine gas-governor.     This  meter  had  not  been  in  use  for  some 
time  and  the   inlet  valve   was  closed   but  the  outlet  valve  was 
open  and  it  was  discovered  afterwards  that  this  outlet  pipe  was 
also  connected  with  a  live  four-inch  main.     The  explosion  oc- 
curred about  5. 15  P.M.  and  its  effects  were  observed  over  47,000 
cubic  feet  of  the  basement  and  upward  quite  to  the  dome.     By 
the  explosion  the  brick  arches,  covered  with  earth  and  then  with 
heavy  stone  pavement  slabs  were   torn  up,  brick  partition  and 
supporting  walls  were  overthrown,   stout  locked  doors  on  the 
upper  floors  were  torn  open  and  there  was  a  general  wrecking  of 
all  the  lighter  structural  parts.     Observation  of  the  lay  of  the 
wreckage  showed  conclusively  that  jt  radiated  in  all  directions 
from  a  point  about  the  gas-meter  and  that  the  most  violent  effects 
were  in  general  at  the  points  most  distant  from  this  center.     The 
most  violent  effect  of  all  was  on  the  west  where  the  heavy  gran- 
ite screen  wall,  forming  the  facade  of  the  building,  was  displaced 
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by  one  and  one-half  inches  and  the  stout  wire  protecting  screen 
about  the  engine  was  forced  in  to  a  depth  of  two  feet  from  the 
original  plane  for  an  area  of  three  feet  in  diameter  and  many  of 
the  stout  rods  were  ruptured.  Searching  examination  showed 
that  no  explosive  or  other  explosive-forming  material  than  illn- 
minating  gas  could  have  been  present ;  that  for  thirty  minutes 
prior  to  the  explosion  there  was  for  some  reason  a  gas  pressure 
of  twice  the  normal;  that,  under  an  excessive  pressure,  gas  would 
flow  through  the  governor  ;  and  that  this  could  furnish  sufficient 
gas  to  do  the  work  accomplished. 

The  gas  had  a  specific  gravity  of  0.601  and  as  it  escaped  it 
flowed  through  the  devious  passages  and  compartments  filling 
first  the  pockets  with  mixtures  of  various  proportions  and  set- 
tling lower  and  lower  until  the  stratum  reached  down  to  the  level 
of  the  burning  gas-jets  where  it  was  fired.  These  were  near  the 
meter  where  of  course  the  gas  would  be  richest.  Here  was  the 
region  of  combustion.  As  the  tongue  of  flame  rushed  under  the 
low  archways  and  through  the  passageways  to  the  higher  vaults 
beyond  it  produced  a  violent  disturbance  of  the  atmosphere, 
thoroughly  commingling  the  gas  and  air  and  throwing  a  mass  of 
inflamed  gas  into  their  midst  thus  producing  a  greatly  accel- 
erated combustion  and  explosion.  When  this  tongue  of  flame 
burst  into  the  compartment  containing  the  hickory  ash  this  dust 
was  also  intimately  commingled  with  the  gas-laden  atmosphere 
and  here  was  produced  the  most  violent  of  all  the  effects  mani- 
fested ;  for  the  granite  screen  wall  that  was  displaced  was  on 
the  right  side  of  the  hickory  ash-pits  and  the  stout  wire  screen 
that  was  perforated  was  directly  in  front  of  them  and  at  the  end 
of  the  low  and  narrow  passage  leading  from  the  vault  contain- 
ing these  pits  ;  and  further  the  most  violent  effects  produced  on 
the  upper  floors,  quite  to  the  top  of  the  building,  were  about  the 
spiral  staircase,  leading  from  the  compartment  containing  the 
wire  screen  and  which  was  but  a  continuation,  through  the  low 
narrow  passage,  of  the  compartment  containing  the  hickory  ash. 


[Contributions  from  thb  Havbmsybr  Laboratoribs  op  Coi^umbia 

Univrrsity,  No.  4.] 

PREPARATION  OF  METALLIC  TELLURIUH.' 

Bt  Victor  Lbnhbr. 

ReceiTcd  January  ao.  1899. 

TUST  a  year  ago  a  study  was  begun  on  tellurium.  The  mate- 
J  rial  at  hand  on  which  the  research  was  to  be  made  consisted 
of  the  so-called  electrolytic  copper  slimes  furnished  by  the  Bal- 
timore Electric  Refining  Company.  The  first  step  was  naturally 
to  extract  the  tellurium  from  these  residues,  then  to  work  up  the 
metal  obtained  into  such  derivatives  as  might  be  found  conve- 
nient for  study.  The  first  method  employed  consisted  in  the 
treatment  of  the  residues  with  concentrated  hydrochloric  acid; 
chlorides  of  the  soluble  elements  were  formed,  while  a  highly 
siliceous  residue  remained  insoluble.  The  resulting  solution 
was  poured  into  water,  when  the  oxide  of  tellurium  was  precipi- 
tated along  with  more  or  less  antimony  oxychloride.  This  pre- 
cipitate was  again  dissolved  in  hydrochloric  acid  and  sulphur 
dioxide  conducted  into  the  solution  when  tellurium  was  precip- 
itated in  a  finely  divided  condition. 

A  process  similar  to  the  above  is  at  present  the  general  way 
by  which  the  metal  is  obtained.  The  German  tellurium  which 
is  on  the  market  is  obtained  by  treatment  of  the  ore  with  aqua 
regia  and  the  subsequent  precipitation  from  a  hydrochloric  acid 
solution  by  sulphur  dioxide. 

A  number  of  methods  for  obtaining  metal  are  knowti,  but 
most  depend  on  the  precipitation  of  the  tellurium  from  a  hydro- 
chloric acid  solution  by  sulphur  dioxide. 

Berzelius  fused  the  naturally  occurring  tellurides  with  a  mix- 
ture of  oil  and  soda  or  potash,  or  with  potassium  tartrate.  He 
obtained  purple  potassium  telluride,  which,  subjected  to  the 
moderate  oxidation  of  a  current  of  air  yielded  tellurium  accord- 
ing to  the  equation : 

K.Te  +  O  +  H.O  =  2KOH  +  Te. 

Berthier  treats  nagyagite,  which  is  a  combination  of  gold 
telluride  and  lead  sulphide  with  hydrochloric  acid ;  hydrogen 

I  Remd  at  the  New  York  meeting  of  the  American  Chemical  Society,  December  37, 
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sulphide  is  evolved,  lead,  antimony,  etc.,  pass  into  solution, 
while  the  gold  telluride  is  unattacked.  The  latter  is  treated 
with  nitric  acid,  which  dissolves  the  tellurium  away  from  the 
gold.  The  tellurium  is  brought  into  hydrochloric  acid  solution 
by  evaporation  with  hydrochloric  acid  and  the  tellurium  precipi- 
tated by  sulphur  dioxide.  Petzite  is  fused  with  a  mixture  of 
sodium  carbonate  and  potassium  nitrate.  He  extracts  the  tel- 
lurate  with  water,  treats  with  hydrochloric  acid  to  reduce  to 
tellurite,  after  which  he  precipitates  with  iron.  Berzelius  extracts 
in  a  similar  manner,  but  reduces  his  tellurate  to  telluride  by 
fusion  with  carbon. 

Schroetter  treats  tellurides  with  either  hot  concentrated  sul- 
phuric acid  or  aqua  regia.  The  gold  is  precipitated  with  ferrous 
sulphate  or  oxalic  acid  and  the  tellurium  by  zinc.  He  repre- 
cipitates  the  tellurium  from  a  hydrochloric  acid  solution  by  sul- 
phur dioxide  or  an  alkaline  sulphite.  Another  method  of 
extraction  is  tO  treat  the  ore  with  chlorine  gas,  when  tellurium 
chloride  is  formed  and  distils  from  the  non- volatile  portion.  The 
tellurium  is  subsequently  precipitated  from  hydrochloric  acid 
solution  by  sulphur  dioxide.  The  method  doubtless  owes  its 
origin  to  Berzelius.  It  has  also  been  suggested  to  prepare  tel- 
lurium by  precipitation  with  the  electric  current. 

In  1870  Stolba  called  attention  to  the  precipitation  of  tellurium 
from  its  alkaline  solutions  by  means  of  grape  sugar;  later,  Kast- 
ner  found  that  it  was  completely'  precipitated  by  grape  or  invert 
sugar.  But  after  those  two  papers  the  sugar  precipitation  has  been 
very  little  heard  of ;  it  seemed  as  though  it  should  be  an  ideal 
means  of  producing  metal  from  the  electrolytic  copper  residues 
as  the  tellurium  appears  as  a  waste  product  and  is  already  in 
alkaline  solution. 

A  series  of  experiments  was  made  to  attempt  the  extraction  of 
tellurium  by  different  methods.  The  first  thing  to  do  was  to 
prepare  tellurium  by  a  well-known  method  and  obtain  a  product 
that  it  would  be  possible  to  use  in  comparison.  To  this  end, 
five  pounds  of  residues  were  treated  with  concentrated  hydro- 
chloric acid  (sp.  gr.  1.20).  An  amber-yellow  liquid  was  ob- 
tained and  a  residue  which  was  highly  siliceous.  It  is  possible 
to  obtain  a  perfectly  clear  solution  by  filtration  through  asbestos 
wool,   using  a    suction-pump.       When    sulphur    dioxide    is 
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brought  into  contact  with  such  a  strong  acid  solution,  selenium 
should  be  precipitated  free  from  tellurium  according  to  Keller.' 
When  sulphur  dioxide  was  introduced  into  this  solution  a  red 
precipitate  formed  showing  selenium  was  just  precipitated.  It 
appeared  to  darken,  however,  when  the  liquid  was  saturated. 
On  boiling,  the  precipitate  agglomerated  into  a  mass  which 
much  resembled  selenium,  but  on  separating  it  by  means  of 
potassium  cyanide,  it  was  found  to  consist  of  3.2  grams  of 
selenium  and  28.3  grams  of  tellurium.  This  seems  to  indicate 
that  tellurium  and  selenium  cannot  be  perfectly  separated  by 
sulphur  dioxide  in  strong  hydrochloric  acid  solution.  The  fil- 
trate from  the  strongly  acid  solution  was  diluted  with  water  and 
more  sulphur  dioxide  passed  through  the  liquid,  when  the  rest 
of  the  tellurium  was  precipitated.  The  lump  of  metal  which 
was  formed  by  fusion  was  finely  powdered  and  fused  with  potas- 
sium cyanide  ;  purple  telluride  of  potassium  was  formed.  The 
solution  was  filtered  and  a  current  of  air  passed  through.  The 
tellurium  which  was  formed  was  fused,  then  distilled  in  hydro- 
gen gas.  This  material  was  considered  pure.  When  treated 
with  aqua  regia,  dioxide  is  formed  and  may  be  obtained  by 
evaporation.  Tellurium  oxide  is  completely  volatile  at  a  low 
temperature  in  hydrochloric  acid  gas,  no  residue  remaining. 
Pare  tellurium  is  likewise  completely  volatile  when  heated  in 
hydrogen. 

Since  it  seems  most  natural  to  prepare  a  metal  from  its  oxide, 
the  tellurium  oxide  was  subjected  to  a  number  of  reduction  tests. 
In  recent  years,  metallic  magnesium  and  metallic  aluminum 
have  shown  themselves  to  be  of  great  value  as  reducing  agents. 
When  metallic  aluminum  and  tellurium  oxide  are  heated  to- 
gether in  a  crucible  a  violent  reaction  takes  place;  tellurium  is 
formed,  but  immediately  unites  with  the  aluminum  forming 
aluminum  telluride.  Metallic  magnesium,  even  in  very  coarse 
condition,  when  heated  with  tellurium  oxide,  gives  a  very  explo- 
sive reaction.  So  very  energetic  is  the  action  that  it  has  not 
been  possible  to  collect  any  of  the  products  formed. 

When  dry  glucose  is  heated  with  the  oxide,  a  coke  is  formed 
which  becomes  coated  with  the  metal  and  is  difficult  to  fuse  into 
a  button.     The  same  may  be  said  of  a  dry  fusion  of  asphaltum 

iThis  Journal,  19,  773. 
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with  the  oxide.  Ignition  of  the  oxide  with  dry  oxalic  acid  does, 
however,  give  metal  readily,  and  fusion  into  a  globule  is  au  easy 
matter. 

The  next  series  of  experiments  was  made  with  the  sugars. 
Tellurium  oxide  was  dissolved  in  potassium  hydrate,  cane-sugar 
was  added,  and  the  solution  warmed.  When  a  saturated  solu- 
tion is  used,  purple  telluride  is  formed,  but  boiling  in  contact 
with  the  air  causes  a  rapid  separation  of  black  tellurium.  After 
washing  with  water  the  precipitate  can  be  dried  and  fused  into 
a  mass. 

From  a  solution  of  an  alkaline  tellurite  glucose  precipitates 
black  elementary  tellurium.  No  intermediate  formation  of  tel- 
luride could  be  noticed  as  with  cane-sugar.  Pure  white,  anhy- 
drous grape-sugar  was  dissolved  in  water  and  added  to  a  warm 
solution  of  the  alkaline  tellurite.  Tellurium  was  precipitated 
in  elementary  form.  During  the  process  of  washing,  which 
always  followed  the  precipitation,  it  was  invariably  noticed  that 
grap^-sugar  was  much  more  difficult  to  remove  from  the  finely 
divided  tellurium  than  any  of  the  other  sugars. 

Prom  these  experiments  it  seemed  natural  to  conclude  that 
reducing  sugars  will  give  a  very  practical  method  for  the  prepa- 
ration of  metallic  tellurium.  Tellurium  obtained  by  this 
method  is  completely  volatile  in  hydrogen  gas  and  its  oxide  is 
likewise  volatile  in  hydrochloric  acid  gas. 

Thanks  to  the  kindness  of  Mr.  Walker,  of  the  Baltimore  Elec- 
tric Refining  Company,  who  furnished  the  residues,  and  to  Prof. 
P.  de  P.  Ricketts,  who  in  so  many  ways  made  the  work  possi- 
ble, the  author  has  been  enabled  to  prepare  a  bar'  of  tellurium 
by  fusion  of  the  finely  divided  material  obtained  by  reduction  of 
tellurium  in  alkaline  solution  by  means  of  sugar. 

Among  other  experiments,  I  decided  last  year,  while  working 
on  selenium,  that  as  soon  as  I  could  obtain  satisfactory  com- 
pounds I  should  determine  the  atomic  mass  of  tellurium  by  pre- 
cipitation with  hydroxylamine.  As  my  work  thus  far  on  tel- 
lurium, which  was  begun  with  Prof.  E.  F.  Smith  at  the  Univer- 
sity of  Pennsylvania,  and  is  now  going  on  in  this  institution, 
had  for  one  of  its  objects  the  determination  of  the  atomic  mass 

iTbis  bar  was  exhibited  before  the  American  Chemical  Society,  at  New  York,  and 
weighed  four  jMunds. 
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of  tellurium  by  means  of  the  hydroxylamine  precipitation  it 
seems  quite  proper  that  I  should  continue  it,  notwithstanding 
the  fact  that  Prof.  Jannasch,  of  the  University  of  Heidelberg, 
announced  in  the  Berichte  for  October,  1898,  that  he  is  engaged 
in  work  on  the  same  line. 


THE  ASSAY  OF  NUX  VOniCAJ 

Bt  Bdward  R.  Squibs. 
Rtcelved  December  30.  xttgS. 

IN  the  preparation  of  a  paper  on  acetic  acid  as  a  substitute  for 
ethyl  alcohol  in  extracting  the  active  principles  of  some 
officinal  drugs,  it  became  necessary  to  have  a  convenient  and 
moderately  accurate  method  of  assaying  nux  vomica.  The 
whole  of  this  paper  would  interest  very  few  members  of  the 
American  Chemical  Society,  and  such  as  it  would  interest  may 
find  it  in  the  American  Journal  of  Phamuicy  for  January,  1899. 
But  the  assay  process  that  ends  the  paper  may  be  far  enough 
within  the  line  of  interest  to  this  society  to  warrant  the  writer 
in  offering  it  here. 

The  short  and  easy  methods  of  Messrs.  Dunstan  and  Short, 
given  in  the  British  Pharm,  Joum,  and  Trans.,  3d  Series,  13, 
665-1055,  and  14,  621,  and  given  in  the  British  Pharmacopoeia, 
were  found  objectionable  on  some  accounts,  but  chiefly  because 
the  results  are  too  high.  For  example,  a  table  is  given  on  p. 
1055,  wherein  from  seven  samples  the  percentage  of  total  alka- 
loids ranged  from  3.04  to  3.90  per  cent,  with  an  average  of  3.29 
per  cent.  This,  in  the  writer's  experience,  is  much  too  high, 
and  there  is  a  probability  that  the  plus  error  may  be  due  to 
weighing  the  chloroform  extract  as  alkaloid.  The  most  recent 
authority  noticed  is  the  new«  1898,  British  Pharmacopoeia,  but 
its  method  is  liable  to  the  same  objection  of  weighing  a  chloro- 
form extract  as  alkaloid.  The  U.  S.  Pharmacopoeia  of  1890  has 
an  excellent  method  that  avoids  this  source  of  error  by  titrating 
the  alkaloids.  This  method*  first  makes  a  dry  extract  and  then 
assays  that  for  use  in  its  standardized  preparations. 

Two  grams  of  the  dry  extract  are  dissolved  by  shaking  in  a 
separator  with  twenty  cc.  of  a  previously-made  mixture  of  two 

I  Read  at  the  New  York  meeting  of  the  American  Chemical  Society,  December  a8, 1898. 
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352  EDWARD  R.    SQUIBB. 

volumes  of  alcohol  (ninety-one  per  cent.  )i  one  volume  of  ammo- 
nium hydroxide  (ten  per  cent.),  and  one  volume  of  water.  Then 
twenty  cc.  of  chloroform  (ninety-nine  per  cent.)  is  added  and 
the  mixture  is  agitated  during  five  minutes.  The  chloroform  is 
then  allowed  to  separate  and  is  drawn  off  as  far  as  possible  by 
the  stop-cock.  This  washing  out  is  repeated  with  two  further 
portions  of  chloroform  of  fifteen  cc.  each.  The  chloroform  solu- 
tions are  then  collected  in  a  beaker  and  exposed  on  a  water-bath 
until  the  chloroform  and  ammonia  are  completely  dissipated. 

Then  ten  cc.  of  decinormal  sulphuric  acid  is  added,  stirred, 
diluted  with  twenty  cc.  of  hot  water,  and  when  solution  is  com- 
plete two  cc.  of  brazilwood  indicator  is  added..  Centinormal 
potassium  hydroxide  is  added  until  a  permanent  pinkish  color  is 
produced.  The  number  of  cubic  centimeters  of  potassium 
hydroxide  required  is  divided  by  lo,  the  number  found  is  sub- 
tracted from  ID,  and  the  remainder  is  multiplied  by  0.0364,  and 
that  product  by  50,  which  will  give  the  percentage  of  total  alka- 
loids in  the  two  grams  of  extract  taken,  it  being  assumed  that 
strychnine  and  brucine  are  present  in  equal  proportion,  and  the 
above  factor  being  found  by  taking  the  mean  of  their  respective 
molecular  weights  (334  +  394  -7-  2  =  364) . 

This  very  well-designed  method  was  found  impracticable  in 
the  writer's  hands,  through  di£Biculty  in  carrying  out  the  details. 
The  first  obstruction  encountered  was  the  very  nearly  constant 
emulsifying  of  the  chloroform  and  the  consequent  refusal  of  the 
liquids  to  separate  on  standing,  and  the  difficulty  and  loss  of 
time  in  managing  an  emulsion  once  formed.  The  U.  S.  Phar- 
macopoeia directs  the  immiscible  liquids  to  be  "agitated,''  not 
shaken ;  yet  if  shaking  be  avoided  and  the  agitation  be  ever  so 
cautiously  managed,  some  emulsion  seems  unavoidable,  whilst  a 
degree  and  kind  of  agitation  that  is  short  of  shaking  washes  out 
the  alkaloids  imperfectly.  Emulsions  that  did  form  were  best 
managed  by  running  them  out  into  a  capsule,  driving  off  the 
chloroform  on  a  water-bath,  returning  the  dark  liquid  to  the 
separator,  and  managing  the  next  chloroform  with  greater  care. 
But  a  better  expedient  was  found  in  a  recommendation  of  A.  H. 
Allen  and  others,  to  use  a  mixture  of  equal  volumes  of  chloro- 
form (ninety-nine  per  cent.)  and  ether  (ninety-six  per  cent. (. 
With  this  mixture,  used  in  large  quantity,  vigorous  shaking  and 
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consequent  effective  washing  may  be  employed  with  little  emul- 
sion, if  any,  at  the  last  of  the  washings,  the  separations  being 
very  prompt  and  sharp,  usually  ready  to  draw  off  within  half  an 
hour  after  shaking.  The  clear  chloroform  and  ether  solutions 
are  better  managed  if  drawn  off  into  and  boiled  off  from  a  flask, 
as  the  dissolving,  the  heating  up,  and  the  titration  are  more 
easily  done  in  a  flask.  The  solution  to  be  titrated  is  always  of 
a  full  yellow  color,  from  a  bright  pale  yellow  to  a  deep  yellow, 
with  a  reddish  tint  by  reflected  light ;  a  color  in  which  the  first 
increase  of  pinkish  tint  is  difficult  to  detect,  and  the  want  of 
sharpness  and  decision  in  this  end-reaction  is  the  persisting  diffi- 
culty with  all  methods  of  titration  that  were  tried,  but  in  com- 
paring indicators  brazilwood  was  found  to  be  inferior  to  logwood. 
A  decinormal  potassium  hydroxide  is  preferable  to  centinormal, 
as  it  does  not  dilute  the  solution  of  alkaloids  so  much,  while  in 
accuracy  of  reading  it  is  far  within  the  limit  of  error  of  the 
indicator. 

Chiefly  in  consideration  of  these  conditions  the  following 
method  was  reached  and  used : 

A  fair  sample  of  nux  vomica  is  drawn  and  an  average  dozen 
or  so  of  the  seed  is  so  milled  as  to  pass  through  a  No.  9  sieve. 
Of  this  ten  grams  are  weighed  off  and  exhausted  with  ten  percent, 
acetic  acid.  This  exhaustion  is  easily  and  conveniently  done  in 
a  Soxhlet  apparatus,  but  so  large  an  amount  of  extractive  is 
washed  out  by  the  warm  acid,  that  the  extract  is  very  difficult 
to  dry,  and  afterwards  at  once  forms  an  emulsion  that  is  difficult 
and  tedious  to  manage.  Cold  percolation  to  complete  exhaus- 
tion gives  a  much  better  result,  and  is  not  difficult  to  effect,  pro- 
vided the  powder  be  moistened  for  packing  with  not  more  than 
ten  cc.  of  the  acetic  acid,  and  be  not  packed  too  tightly. 

The  percolate  is  evaporated  to  dryness  on  a  water-bath,  in  a 
large  (twelve  cm.)  flat- bottomed  capsule,  so  that  the  extract  is  in 
a  thin  layer,  easy  to  dry  and  easy  to  dissolve.  The  weight  gives 
the  yield  of  extract. 

If  a  fluid  extract  or  tincture  is  to  be  assayed,  it  is  measured, 
weighed,  and  dried  in  the  same  way. 

A  mixture  is  made  of  two  volumes  of  alcohol  (ninety-one  per 
cent.),  one  volume  of  ammonium  hydroxide  (ten  per  cent.),  and 
one  volume  of  water,  and  of  this,  ten  cc.  are  poured  upon  the  dry 
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extract  in  the  capsule.  Then  by  patiently  moving  a  stirrer  over 
the  smooth  surface  of  the  dry  extract  for  a  quarter  of  an  hour  or 
more,  a  smooth  solution  of  the  extract,  easy  to  wash,  is  obtained. 
This  is  poured  into  a  separator  of  150  cc.  capacity,  and  the  cap- 
sule and  stirrer  are  rinsed  clean  with  ten  cc.  more  of  the  alcohol 
and  ammonia  solution. 

A  mixture  is  made  of  equal  volumes  of  chloroform  (ninety- 
nine  per  cent.)  and  ether  (ninety-six  per  cent.),  and  forty  cc.  of 
this  is  added  to  the  liquid  in  the  separator  ;  the  whole  is 
shaken  vigorously  during  five  minutes,  and  then  allowed  to 
separate.  In  twenty  to  thirty  minutes  the  separation  will  be 
complete  to  a  sharp  line,  when  the  depth  of  the  upper,  dark 
stratum  should  be  observed  and  measured.  The  chloroform- 
ether  solution  is  then  drawn  off  into  a  tared  flask  of  about  100 
cc.  capacity,  and  the  flask  is  immersed  in  a  hot  water-bath  so  that 
the  chloroform-ether  may  be  boiled  off  by  the  time  another  wash- 
ing is  ready.  In  the  meantime  forty  cc.  more  of  chloroform- 
ether  have  been  added  to  the  contents  of  the  separator,  and  the 
shaking,  separating,  and  drawing  off  into  the  flask  repeated. 
This  second  washing  may  or  may  not  be  then  followed  by  a 
third,  managed  in  the  same  way,  if  required. 

If  after  standing,  to  separate  completely  a  second  time,  the 
dark  liquid  on  top  shall  be  found  to  have  increased  in  depth,  the 
indication  is  that  emulsion  has  been  formed  to  that  extent,  and 
that  the  chloroform  forming  that  emulsion  holds  the  proportion 
of  alkaloids  present  in  solution  at  the  time  that  emulsion  was 
formed,  and  as  the  chloroform  cannot  be  washed  out  of  an  emul- 
sion, so  the  alkaloids  held  by  that  chloroform  cannot  be  washed 
out.  Therefore,  in  the  case  of  any  considerable  amount  of 
emulsion  after  the  chloroform-ether  solution  is  drawn  off  into  the 
flask,  the  dark  liquid  is  drawn  off  into  the  flat  capsule  and 
warmed  on  a  water-bath  until  all  the  chloroform-ether  is  driven 
off.  The  dark  liquid  is  then  returned  to  the  separator  and  again 
washed  as  before.  If  a  small  amount  of  emulsion  again  forms, 
as  very  rarely  occuirs,  the  chloroform  in  it  holds  so  very  little 
alkaloid  as  to  be  within  the  limit  of  error  of  the  method. 

The  tared  flask  will  then  contain  the  total  chloroform  extract, 
and  the  weight  of  this  was  long  erroneously  accepted  as  the 
weight  of  alkaloids. 
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Ten  cc.  of  decinormal  sulphuric  acid  are  now  carefully  meas- 
ured from  a  burette  into  the  flask,  which  is  rinsed  round  and 
wanned  by  immersion  in  a  water-bath  until  the  soluble  alkaloids 
are  dissolved,  when  the  insoluble  residue  will  show  how  much 
of  this  extract  is  not  alkaloid. 

Twenty  cc.  of  hot  water  are  added  to  the  contents  of  the 
flask,  and  a  definite  quantity  (ten  drops)  of  logwood  indicator. 
The  color  is  then  closely  observed  by  transmitted  light,  and 
matched  by  a  similar  quantity  of  liquid  in  a  similar  flask. 
Decinormal  potassium  hydroxide  is  now  dropped  in  from  a 
burette  until  the  color  changes  slightly  to  a  pinkish  tint  or  shade 
of  the  original  yellow  by  transmitted  light,  and  when  this  hardly 
perceptible  change  is  now  looked  at  by  reflected  light  the  pink 
tint  is  very  distinct. 

The  number  of  cubic  centimeters  required  subtracted  from  lo 
(cubic  centimeters  of  acid  used)  gives  the  number  of  cubic 
centimeters  of  acid  saturated  by  alkaloids,  and  this  number 
multiplied  by  the  mean  of  the  molecular  weights  of  the  two  alka- 
loids (0.0334+0.0394-7-  2  =  0.0364),  gives  the  amount  of  alka- 
loids obtained  from  ten  grams  of  nux  vomica,  the  strychnine  and 
brucine  being  assumed  to  be  present  in  equal  proportions. 

Then  as  10  is  to  the  product  from  10,  so  is  100  to  the  percent- 
age of  the  mixed  alkaloids. 


DETECTION  OF  CARAHEL  IN  SPIRITS  AND  VINEGAR. 

^  Bt  C.  a.  Crampton  and  p.  D.  Simons. 

Received  February  13. 1899. 

HAVING  had  frequent  occasion  to  determine  the  question  as 
to  whether  a  sample  of  spirits  was  colored  with  artificial 
coloring-matter  or  owed  its  color  to  a  long  age  in  wooden  pack- 
ages, one  of  us  has  for  a  long  time  endeavored  to  obtain  some 
reliable  test  by  which  the  presence  of  caramel  could  be  definitely 
proved.  The  principal  methods  given  in  the  books  are  (i)  the 
reducing  action  of  caramel  on  Pehling's  solution,  and  (2)  the 
precipitation  of  the  coloring-matter  by  paraldehyde.  Neither  of 
these  methods  has  given  satisfactory  results  in  our  hands. 
Spirits  extract  from  oak  wood,  especially  when  charred,  sub- 
stances which  have  dearly,  if  not  quite,  as  high  a  reducing 
power  on  Fehling's  solution  as  caramel.     The  test  with  paralde- 
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hyde,  known  as  Amthor's  test/  is  given  greater  weight  in  most 
text-books,  and  is  mentioned  by  Smith'  in  a  recent  article  on 
vinegar  analysis.  This  test  has  proved  equally  as  unsatisfactory 
in  our  hands  as  the  reduction  of  copper.  When  present  in  large 
quantities  the  caramel  may  possibly  be  obtained  as  a  precipitate 
and  identified  by  its  action  on  phenylhydrazine,  but  in  the  small 
amount  present  in  artificially  colored  spirits,  for  example,  the 
precipitation  is  imperceptible. 

In  searching  for  a  more  reliable  test,  our  attention  was  drawn 
to  the  action  of  fuller's  earth  upon  coloring-matters,  and  espe- 
cially to  the  article  by  Geisler,'  showing  the  effect  of  fuller's 
earth  upon  the  artificial  azo-dyes  used  in  butter  or  oleomar- 
garine. 

Upon  adding  this  earth  to  samples  of  spirits  colored  in  the 
natural  way  by  contact  with  charred  or  uncharred  wooden  pack- 
ages, we  found  the  color  but  slightly  affected,  while  using  the 
same  quantity  upon  spirits  colored  artificially  with  caramel,  a 
very  large  part  of  the  color  was  discharged.  In  other  words, 
the  earth  seemed  to  have  a  much  stronger  affinity  for  the  artifi- 
cial than  for  the  natural  coloring-matter.  By  means  of  Lovi- 
bond's  tintometer  the  difference  in  color  before  and  after  the 
treatment  may  be  determined  with  a  considerable  degree  of  accu- 
racy, and  in  this  way  more  than  twice  as  much  color  was  found 
to  have  been  absorbed  from  artificially  colored  spirits  as  from  the 
natural. 

The  test  was  applied  to  all  the  samples  of  both  kinds  which 
were  available,  some  fifty-eight  in  number,  and  no  exceptions 
found.  A  series  of  forty  samples  of  spirits  known  to  be  naturally 
colored  gave  the  following  figures  : 

Color  remored. 
Per  cent. 

Maximum 25.0 

Minimum 8.3 

Average 14.6 

A  series  of  eighteen  samples  of  spirits  known  to  be  artificially 
colored  gave  the  following  figures  : 

1  Koenig  :  N€thrungs-  und  GenussmitUl^  Band  II,  p.  xo96. 
s  This  Journal,  ao,  3  (/M^ 
t/»fV/.,  ao,xio  {rSgS). 
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Color  removed. 
Per  cent 

Maximum 54.1 

Minimum • 40.0 

Average ". .  44,7 

It  will  be  seen  that  the  margin  is  ample  for  detecting  a  sam- 
ple colored  artificially  ;  the  average  per  cent,  of  color  removed 
from  the  factitious  samples  being  about  three  times  as  great  as 
the  average  percent,  removed  from  the  genuine  samples,  while  the 
maximum  and  minimum  of  the  two  sets  are  fifteen  points  apart. 
It  must  be  remembered  that  all  the  artificially  colored  samples 
have,  besides  the  added  color,  a  small  amount  of  natural  color 
derived  from  wood>  and  this  varies  in  different  samples.  If  this 
were  not  the  case,  a  much  greater  disproportion  would  be  shown 
between  the  results  before  and  after  the  treatment.  A  sample 
of  water-white  spirits  which  we  colored  ourselves  with  caramel, 
and  then  subjected  it  to  the  usual  treatment,  lost  seventy  per 
cent,  of  its  color. 

The  test  must  be  made  strictly  comparative,  of  course,  the 
same  amount  of  the  absorbent  material  being  used  in  each  case, 
and  allowed  to  remain  in  contact  with  the  liquid  a  certain  length 
of  time  at  normal  temperatures.  A-  sample  of  spirits  colored 
naturally  may  be  used  as  a  standard  which  should  not  be  too  far 
removed  from  the  suspected  sample  or  samples  in  depth  of  color, 
though  if  a  colorimeter  be  used  it  is  not  at  all  necessary  for  the 
standard  to  be  the  same  depth  of  color  as  the  suspected  sample. 
The  method  of  procedure  followed  in  our  work  was  as  follows : 
Twenty-five  grams  of  fuller's  earth  was  added  to  fifty  cc.  of  the 
spirits  under  examination,  the  mixture  beaten  up  in  a  beaker, 
allowed  to  stand  covered  half  an  hour  at  room  temperature,  and 
filtered.  The  determination  of  the  figure  representing  the  color 
was  made  with  the  tintometer  upon  the  liquid  before  and  after 
treatment,  and  the  difference  between  the  two  results  gave  the 
percentage  of  color  absorbed.  It  is  scarcely  necessary  to  say 
that  the  same  earth  must  be  used  in  all  cases.  We  have  only 
been  able  as  yet  to  examine  two  different  samples  of  this  mate- 
rial, and  these  differed  considerably  in  their  power  of  absorbing 
the  caramel  coloring.  It  is  known  that  some  varieties  of  fuller's 
earth  do  not  have  the  property  of  absorbing  color  at  all. 
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The  test  was  also  applied  to  two  samples  of  cider  vinegar 
known  to  be  pure,  that  is,  with  no  artificial  coloring-matter 
added,  and  the  result  showed  that  but  a  slight  effect  was  pro- 
duced upon  this  coloring-matter  by  the  earth.  Caramel  was 
then  added  to  these  samples  and  they  were  again  treated  with 
the  earth,  with  the  result  that  the  added  coloring-matter  was 
almost  entirely  removed  and  the  samples  restored  to  practically 
their  original  color.  Acetic  acid  diluted  to  vinegar  strength 
and  colored  with  caramel  gave  up  its  color  when  treated.  These 
few  experiments  seem  to  show  that  the  test  is  applicable  to  vine- 
gar, but  we  have  not  had  the  facilities  for  extending  it  to  a  large 
number  of  factitious  samples  as  we  have  done  in  the  case  of 
spirits. 

The  color-absorbing  power  of  fuller's  earth  is  a  most  interest- 
ing subject,  which  does  not  appear  to  have  been  investigated  to 
any  extent.  Whether  it  is  due  to  chemical  or  physical  action, 
and  the  connection,  if  any,  between  the  composition  of  the  earth 
(which  seems  to  be  anything  but  uniform)  and  its  effect  upon 
various  coloring-matters,  are  questions  which  should  receive 
attention  and  would  doubtless  yield  interesting  and  valuable 
results  to  investigation.  If  any  work  has  been  done  along 
this  line  no  results  have  been  published,  as  the  journals  make 
little  or  no  mention  even  of  the  fact  that  fuller's  earth  possesses 
such  properties.  Yet  it  is  well-known  that  a  very  extensive 
industrial  use  has  been  made  of  it  within  recent  years  in  the 
refining  of  both  vegetable  and  mineral  oils.  We  have  been 
informed  that  filtration  through  or  treatment  with  fuller's  earth 
has  entirely  superseded  all  other  methods  of  bleaching  in  the 
cottonseed  oil  industry.  Our  results  showing  its  affinity  for  car- 
amel coloring  would  seem  to  indicate  that  it  might  be  substitu- 
ted for  bone-black  in  sugar  clarification,  but  we  are  not  aware 
that  such  application  has  been  made.  Perhaps  it  would  be  con- 
sidered too  much  like  a  return  to  the  ancient  method  of  "  clay- 
ing" sugars. 


A  STUDY  OF  THE  RELATIVE  VALUE  OF  LACMOID. 
PHENACETOLIN  AND  ERVTHROSINE  A5  IN- 
DICATORS IN  THE  DBTERMINATION  OF 
THE  ALKALINITY  OF  WATER  BY 
HEHNER'S  METHOD. 

By  Joseph  W.  Bllms. 

Received  Jftauary  n,  1899. 

IN  the  determination  of  the  alkalinity  of  water  for  sanitary  and 
technical  purposes,  Hehner's  method  offers  theoretically  as 
scientific  and  accurate  a  process  as  could  be  desired.  The  accu- 
racy of  the  method  as  it  is  usually  carried  out  is  lessened,  how- 
ever, by  the  character  of  the  indicators  which  one  is  obliged  to 
employ.  The  color  changes  of  these  indicators  are  unfortunately 
rather  indistinct  and  therefore  introduce  into  the  determination 
the  personal  equation  of  the  operator. 

The  titration  with  sulphuric  acid  of  the  calcium  and  magne- 
sium carbonates  dissolved  in  water,  as  this  method  directs, 
necessitates  the  use  of  indicators  which  either  are  not  susceptible 
to  the  carbonic  acid  liberated  in  the  reaction,  or  to  its  removal 
as  soon  as  formed,  when  using  indicators  which  are  sensitive  to 
this  acid. 

Quite  a  number  of  indicators  have  been  advocated  by  different 
writers  and  for  the  most  part  they  fail  to  agree  as  to  the  one  best 
suited  for  this  determination.  Hehner*  in  his  original  notes 
upon  the  method  recommends  the  use  of  phenacetolin.  Thom- 
son' prefers  lacmoid  and  considers  phenacetolin  indistinct  in  its 
color  changes,  requiring  too  much  skill  for  its  successful  use  by 
the  ordinary  analyst.  Draper^  considers  either  lacmoid  or  car- 
minic  acid  as  well  suited  for  this  determination,  but  favors  the 
latter  indicator  as  being  somewhat  less  susceptible  to  carbonic 
acid.  Methyl  orange  has  also  been  employed  by  some  analysts 
with  considerable  success. 

Erythrosine*  was  first  proposed  as  an  indicator  by  Mylius*  and 
Foerster,  but  the  writer  is  not  aware  that  it  has  ever  been  com- 

^  Analyst,  8,  77. 

2  Ckem.  News,  47, 123,  185. 

'  /bid.,  SI,  ao6. 

*  Sutton's  Volumetric  Analysis,  §14,  p.  39. 

^  Btr.  d.  ckem.  Gts.,  14, 1483 ;  also  Chem,  News^  04i  aa^- 
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monly  used  for  this  determination,  and  as  its  use  requires  a 
somewhat  different  procedure  from  that  employed  with  the  ordi- 
nary indicator,  it  will  be  described  in  detail  beyond. 

Having  occasion  to  employ  Hehner's  method  for  a  long  se- 
ries of  alkalinity  determinations,  a  number  of  experiments  were 
undertaken  with  a  view  to  determine  the  relative  value  of  the 
three  indicators,  lacmoid,  phenacetolin,  and  erythrosine,  and  if 
possible  to  fix  definitely  upon  the  color  change  which  corre- 
sponded with  the  completion  of  the  reaction.  Considerable  at- 
tention was  paid  to  the  technique  of  the  titration,  and  especially 
to  the  improvement  of  the  original  method  of  Mylius  and  Foerster 
when  erythrosine  was  employed  as  an  indicator.  A  detailed 
description  of  the  process  as  carried  out  with  the  several  indica- 
tors may  therefore  be  of  interest. 

SOURCE,  COMPOSITION,  AND  PREPARATION  OF  THE  THREE 

INDICATORS. 

Lacmoid  and  phenacetolin,  as  described  by  Sutton  and  other 
writers,  are  prepared  as  follows  : 

La<rmoid  is  derived  from  resorcin  by  healing  with  sodium 
nitrite  at  a  temperature  of  no**  to  I20*C.,  dissolving  the  product 
in  aqueous  ammonia  and  reprecipitating  with  hydrochloric  acid. 
It  is  then  washed  free  from  acid  and  dried.  The  varying  shades 
of  color  of  the  alcoholic  solution  of  different  samples  of  this  sub- 
stance are  probably  due  to  the  thoroughness  with  which  the  last 
traces  of  acid  are  removed.  For  titration  work  a  solution  is  pre- 
pared by  dissolving  two  grams  of  the  substance  in  one  liter  of 
fifty  per  cent,  alcohol. 

Phenacetolin  is  prepared  by  boiling  together  for  several  hours 
phenol,  acetic  anhydride,  and  sulphuric  acid.  The  resulting 
product  is  washed  with  water  to  free  from  acid,  and  dried.  Two 
grams  of  the  substance  are  dissolved  in  one  liter  of  strong  alco- 
hol for  use  as  an  indicator. 

Erythrosine  or  iodeosine  is  a  product  of  resorcin- phthalein  or 
fluorescein.  The  halogen  substitution-products  of  the  latter 
form  a  series  of  fluorescing  dyes  among  which  is  the  well-known 
dye  eosine.  Eosine,  the  potassium  salt  of  tetra-bromo-fluores- 
cein  (C„H,Br^OjK,),  has  its  counterpart  in  the  iodine  substitu- 
tion-compound tetra-iodo-fluorescein  or  erythrosine  (C„H,I^OJ. 
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Mylius  and  Poerster,  who  made  an  extended  study  of  this  sub- 
stance, describe  the  commercial  product,  which  is  used  in  cotton 
printing  and  paper  staining,  as  a  brick-red  powder  soluble  with- 
out fluorescence,  but  with  a  rose  color  in  dilute  alkalies.  The 
above  investigators  purified  their  product  for  the  purposes  of 
their  experiments,  but  the  sample  of  dye  used  in  this  work 
showed  no  impurities  which  in  any  way  interfered  with  the  exper- 
iments undertaken  and  it  was  therefore  used  just  as  it  was 
obtained  on  the  market. 

The  sample  employed  in  the  writer's  experiments  was  appar- 
ently the  sodium  salt  of  erythrosine.  It  was  practically  insolu- 
ble in  ether  and  chloroform,  but  soluble  in  water  with  a  slight 
fluorescence,  the  latter  property  increasing  with  the  dilution,  and 
slightly  soluble  in  aqueous  ether.  An  aqueous  solution  of  eryth- 
rosine containing  one-tenth  gram  in  one  liter  of  water  is  pre- 
pared for  use  as  an  indicator. 

TECHNIQUE   OF  THE   DETERMINATION  WITH   THE  SEVERAL  IN- 
DICATORS. 

Lacnwid. — One  hundred  cc.  of  the  solution  to  be  tested  are 
introduced  into  a  six-inch  porcelain  evaporating  dish,  and  placed 
on  a  stand  over  a  freeftame.  The  liquid  is  heated  until  bubbles 
begin  to  break  at  the  surface  and  then  the  dish  is  quickly 
removed.  The  temperature  of  the  water  when  titration  com- 
mences should  be  about  75^  C.  One-half  cc.  of  the  indicator 
solution  is  next  added  and  then  sulphuric  acid  (fiftieth-normal) 
until  the  solution  shows  no  change  in  color  as  a  drop  of  the  acid 
strikes  the  surface  of  the  liquid  and  sinks  to  the  bottom  of  the 
dish.  After  the  addition  of  the  acid  drop  by  drop  toward  the 
end  of  the  titration,  careful  stirring  should  follow  as  the  diffu- 
sion does  not  appear  to  be  very  rapid.  This  gives  a  uniform  red- 
dish or  purple  color  to  the  liquid  which  becomes  more  marked 
immediately  under  and  around  the  acid  as  it  sinks  into  the  water. 

Phenacetolin. — The  preliminary  portion  of  the  operation  with 
this  indicator  is  the  same  as  for  lacmoid.  One-half  cc.  of  the 
indicator  is  added  and  the  titration  carried  on  as  the  preceding 
one  until  no  change  in  color  occurs  immediately  about  a  single 
drop  of  the  acid  as  it  strikes  the  surface  of  the  liquid  and  sinks 
to  the  bottom  of  the  dish. 
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Eryihrosin^.—Myliuseind  Foerster  in  their  study  of  erythrosine 
prepared  an  aqueous  ether  solution  of  iodeosine  for  their  indi- 
cator solution.  This  indicator  when  shaken  with  the  alkaline 
solution  to  be  tested  imparts  a  rose  color  to  the  latter.  A  slight 
excess  of  acid,  upon  neutralization  of  the  alkali,  discharges  the 
rose  color,  leaving  the  aqueous  solution  colorless. 

The  disadvantages  arising  froq  this  ethereal  solution  led  the 
writer,  after  considerable  experimenting,  to  abandon  its  use  and 
in  its  place  was  substituted  an  aqueous  solution  of  the  erythro- 
sine. Beside  this,  chloroform  was  employed  in  the  titration,  the 
latter  acting  in  a  manner  similar  to  the  aqueous  ether.  As  a 
result  of  this  experimental  work  the  following  modified  process 
was  devised. 

The  titration  is  made  in  a  vessel  which  can  be  shaken  and 
preferably  in  a  250  cc.  white-glass,  flat-stoppered  bottle.  One 
hundred  cc.  of  the  water  are  placed  in  the  bottle  with  two  and 
five-tenths  cc.  of  the  aqueous  solution  of  the  erythrosine  and  five 
cc.  of  chloroform.  They  are  well  shaken  together  and  the  acid 
added  in  small  quantities,  followed  each  time  by  a  thorough 
shaking  of  the  bottle.  The  rose  color  of  the  water  toward  the 
end  of  the  titration  becomes  less  marked  and  upon  the  addition 
of  a  very  slight  excess  of  acid  the  color  disappears  completely 
The  chloroform  disseminated  through  the  liquid  produces  a 
milky  appearance  on  account  of  the  frequent  shaking  ;  but  this 
is  no  especial  hindrance  to  determining  the  end-point,  although 
one  can  wait  until  the  chloroform*  settles  to  the  bottom  of  the 
bottle  if  desired.  A  white  paper  held  at  the  back  of  the  bottle 
facilitates  the  detection  of  any  trape  of  color  remaining  as  the 
titration  approaches  the  end-point. 

For  the  calculation  of  results  the  value  of  the  approximate  fif- 
tieth-normal sulphuric  acid,  standardized  against  a  fiftieth-nor- 
mal sodium  carbonate  solution,  is  first  determined  and  the 
amount  of  acid  used  up  by  the  water  tested  is  expressed  in  terms 
of  calcium  carbonate.  In  accurate  work  it  is  advisable  for  rea- 
sons which  will  be  pointed  out  later,  to  employ  a  correction  for 
the  indicator.  This  may  be  done  by  using  a  measured  volume 
of  the  indicator  and  determining  the  amount  of  acid  required  to 
effect  the  color  change  in  a  blank  determination  with  distilled 

I- The  chloroform  residues  may  be  saved,  washed  with  dilute  potassium  hydroride 
solution  and  then  with  water.    The  chloroform  may  then  be  distilled  and  used  again. 
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water.    The  volume  of  acid  thus  found  is  deducted  from  all 
readings  before  converting  them  into  terms  of  calcium  carbonate. 

THEORY  OF  THE    ACTION  OF  THE    SEVERAL  INDICATORS  AND  A 

DISCUSSION  OF  THE  END-POINTS. 

The  action  of  the  different  indicators  briefly  considered  from 
the  standpoint  of  the  present  theory  of  solution  will  perhaps 
bring  out  the  reason  for  certain  difficulties  connected  with  their 
use. 

Lacmoid  and  phenacetolin  are  moderately  acid  indicator3 
which  are  intermediate  between  methyl  orange,  a  rather  strongly 
acid  indicator,  and  phenolphthalein,  a  weakly  acid  indicator. 
In  the  presence  of  the  alkaline  carbonates  of  lime  and  magnesia, 
the  ionized  lime  and  magnesia  salts  of  the  indicator  used  are 
first  formed.  Upon  adding  a  strong  acid  like  sulphuric,  a  fairly 
sharp  color  change  is  obtained  when  the  carbonates  present  have 
become  neutralized.  This  color  change  is  the  result  of  the  action 
of  the  free  hydrogen  ions,  in  the  slight  excess  of  acid  added,  upon 
the  dissociated  salt  of  the  indicator.  The  change  from  one  coior 
to  another  is  coincident  with  the  conversion  of  the  dissociated 
salt  of  the  indicator,  with  the  color  due  to  its  free  complex  ion, 
to  the  acid  form  of  the  indicator,  having  in  its  non-ionized  or 
acid  form  another  color  or  as  in  the  case  of  phenolphthalein, 
none  at  all. 

The  reason  for  the  indistinct  color  changes  in  the  case  of  lac- 
moid  and  phenacetolin  is  that  the  notvionized  molecules  of  both 
these  indicators  are  colored  themselves,  in  the  case  of  lacmoid  a 
red  or  purple  and  in  that  of  phenacetolin  a  yellow.  The  ionized 
salts  are  blue  and  pink  respectively.  The  passage  of  the  blue  to 
the  purple  in  the  case  of  lacmoid  and  the  pink  to  the  yellow  in 
the  case  of  phenacetolin,  is  somewhat  confusing  to  the  eye  on 
account  of  the  mingling  and  blending  of  the  colors.  In  this  way 
the  end-point  is  rendered  less  sharp  than  it  would  be  if  the  non- 
ionized  molecules  of  the  two  indicators  were  colorless  as  in  the 
case  of  phenolphthalein.  Like  methyl  orange  they  are  more  or 
less  dissociated  in  solution,  even  in  the  absence  of  bases  and  the 
colors  of  the  complex  ions  become  apparent.  For  this  reason 
the  amount  of  indicator  added  in  the  titration,  especially  in  using 
dilute  acid  solutions,  should  be  carefully  controlled,  and  in  very 
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accurate  work  measured.  The  amount  of  acid  necessary  to  bring 
about  the  requisite  color  change  can  then  be  carefully  determined 
in  a  blank  experiment. 

Another  difficulty  which  arises  in  the  use  of  lacmoid  and  phen- 
acetolin  is  their  susceptibility  to  carbonic  acid.  As  this  is 
formed  in  the  course  of  the  reaction  between  the  sulphuric  acid 
and  the  carbonates  of  the  bases  present,  it  must  be  removed  by 
heating  the  solution.  While  carbonic  acid  is  one  of  the  very 
weak  acids,  yet  its  acid  character  is  appreciably  greater  than  that 
of  the  indicators  in  question  and  therefore  interferes  with  the 
true  end-point,  unless  it  is  practically  all  eliminated  from  the 
solution  as  soon  as  formed. 

To  consider  the  end-points  with  lacmoid  and  phenacetolin  from 
a  practical  point  of  view  in  titrating  for  carbonates  in  water,  the 
question  may  very  properly  be  asked,  When  is  the  neutralization 
of  the  carbonates  complete?  It  seems  to  the  writer  that  the 
unsatisfactory  results  obtained  with  this  process  are  largely  due 
to  a  lack  of  knowledge  of  the  true  end-point.  Obviously  the 
only  means  of  fixing  this  point  is  by  working  with  known  solu- 
tions of  sodium,  calcium,  and  magnesium  carbonates  and  check- 
ing them  against  each  other. 

As  has  been  stated  in  a  preceding  paragraph  the  true  end- 
point  determined  by  working  with  known  solutions  is,  in  the  case 
of  lacmoid,  the  point  where  no  change  in  color  can  be  detected 
as  a  drop  of  the  acid  enters  the  liquid.  The  change  in  the  color 
of  the  whole  liquid  should  properly  have  ceased  to  be  apprecia- 
ble for  three  or  four  drops,  possibly,  preceding  the  true  end-point, 
but  if  very  carefully  watched  a  drop  of  the  acid,  as  it  enters  and 
sinks  to  the  bottom  of  the  dish,  will  produce  about  it  a  brighter 
reddish  or  purple  color  than  that  of  the  surrounding  liquid. 
When  this  phenomenon  can  no  longer  be  detected  the  titration 
is  complete. 

The  same  conditions  hold  true  for  phenacetolin,  and  the  golden 
color  produc*^d  about  a  drop  of  the  acid  as  it  sinks  to  the  bot- 
tom of  the  dish  should  be  evidence  of  the  incompleteness  of  the 
titration  and  acid  should  continue  to  be  added  until  this  color 
change  is  no  longer  produced.  These  end-points  require  care 
and  skill  and  some  practice  in  order  to  be  recognized,  but  these 
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are  difiBculties  which  are  not  so  serious  as  to  bar  the  use  of  these 
indicators  in  accurate  work. 

Erythrosine  on  account  of  the  peculiar  manner  in  which  it  is 
nsed  demands  a  somewhat  different  explanation  of  its  action. 
Mylius  and  Poester  state  the  following  facts  regarding  erythro- 
sine, many  of  which  have  been  confirmed  by  my  own  experi- 
ments: 

lodeosine  is  soluble  to  a  slight  degree  in  water  with  some  rose 
color,  the  same  as  with  its  solution  in  alkalies.  The  red  color, 
of  an  aqueous  alkaline  solution  of  the  dye  remains  even  after 
addition  of  quite  an  excess  of  acid,  hence  its  unsuitability  for  use 
directly  as  an  indicator.  By  adding  a  strong  acid  to  an  aqueous 
solution  of  the  dye  an  orange  yellow  precipitate  is  formed  called 
by  them  the  '  anhydrous  iodeosine'.  The  red  color  in  solution, 
they  state,  is  produced  by  formation  of  a  hydrate,  as  in  evidence 
they  say  the  more  water  added  to  an  alcohol  or  acetone  solution, 
the  redder  the  solution  becomes. 

The  red  solution  of  iodeosine  hydrate  in  water  may  be  decol- 
orized by  an  excess  of  ether,  although  aqueous  ether  is  more 
of  a  solvent  for  the  hydrate  than  the  water.  Yet  water  will  take 
up  color  when  shaken  with  an  ethereal  solution  of  iodeosine. 

Mylius  and  Foester  evidently  intended  to  explain  the  facts 
stated  above  by  the  theory  of  the  formation  of  hydrates  in  solu- 
tion, but  they  pointed  out,  however,  that  the  phenomena  could 
also  be  explained  by  the  electrolytic  theory  of  dissociation.  It 
would  seem  a  more  plausible  explanation  of  the  phenomena  to 
associate  them  with  the  latter  theory  and  after  a  somewhat  fuller 
explanation  than  that  previously  given  of  what  takes  place  when 
using  erythrosine  as  an  indicator,  the  phenomena  in  question 
will  be  considered  from  that  point  of  view. 

The  addition  of  the  aqueous  solution  of  erythrosine  to  a  water, 
containing  alkali  in  solution,  intensifies  the  color  quite  a  little. 
The  deep  rose  color  remains  fairly  bright  until  nearing  the  end 
of  the  titration  when  itfades  away,  becomingaratherfaintorange. 
With  a  slight  excess  of  acid,  however,  this  disappears  also.  The 
chloroform,  which  at  first  was  colorless,  shows  a  brownish  tint  at 
the  end  of  the  titration  and  the  water  solution  above  appears 
colorle.ss. 

It  would  seem  then  that  the  chloroform,  or  ether  as  Mylius  and 
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Poester  used/  is  an  essential  part  of  the  process,  since  without  it 
no  sharp  end-point  is  possible.  Erythrosine  is  evidently  a 
rather  strongly  acid  indicator  from  the  fact  that  to  an  alkaline 
solution  a  large  excess  of  acid  must  be  added  in  order  to  form 
the  non-ionized  iodeosine  molecule.  In  aqueous  solution  with- 
out the  presence  of  alkaline  bases  it  is  also,  to  a  certain  extent,  in 
the  ionic  condition,  as  shown  by  the  red  color  of  the  solution  due 
to  the  free  complex  ion.  If,  however,  ether  or  chloroform  are 
present,  when  using  erythrosine  as  an  indicator,  the  greater  solu- 
bility of  the  substance  in  these  solvents  cause  it  to  be  dissolved 
out  of  the  aqueous  solution  as  soon  as  its  n6n-ionized  molecule 
is  formed.  When  thus  removed  the  neutralization  of  the  alkali 
is  immediately  apparent  and  therefore  a  sharp  end-point  is 
obtained. 

In  an  ether  or  chloroform  solution  the  iodeosine  is  probably 
not  dissociated  at  all  and  so  only  the  color  of  its  non-ionized  mol- 
ecule is  apparent.  In  an  alcohol  solution  an  appreciable  disso- 
ciation results  which  increases  as  the  proportion  of  water  to  alco- 
hol increases. 

The  phenomena  stated  by  Mylius  and  Foester  regarding  the 
decolorization  of  aqueous  iodeosine  solutions  with  a  large  excess 
of  ether  and  the  imparting  of  color  to  water  by  ethereal  solutions 
of  iodeosine,  can  probably  be  explained  by  the  laws  relating  to 
the  extraction  of  a  dissolved  substance  from  one  solvent  by 
means  of  another,  the  solvents  being  non-miscible,  and  the 
extent  of  ionization  and  non- ionization  of  the  substance  in  the 
two  solvents. 

The  readiness  with  which  the  chloroform  takes  up  the  eryth- 
rosine in  its  non-ionized  condition  from  the  water,  as  soon  as  it 
is  formed,  is  undoubtedly  explained  in  a  similar  manner.  The 
principle  involved,  it  would  seem,  might  be  applied  to  other  sub- 
stances capable  of  acting  as  indicators  and  thus  materially 
increase  the  number  of  compounds  which  could  be  used  in  this 
capacity.  Carbonic  acid  under  normal  conditions  has  no  appre- 
ciable effect  on  this  indicator,  thus  placing  it  beside  methyl 
orange  in  this  respect,  although  in  its  chemical  composition  it 
differs  very  little  from  phenolphthalein,  which  is  extremely  sen- 
itive  to  carbonic  acid. 
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COMPARISON  OF  THB  THRBB  INDICATORS  IN  TITRATION  OF  THB 
CARBONATBS  OF  SODA,  LIMB,  AND  MAGNBSIA. 

In  order  to  fix  definitely  upon  the  proper  end-point  when  using 
lacmoid  or  phenacetolin  as  indicators  and  also  to  compare  the 
results  obtained  with  those  when  employing  erythrosine,  a  series 
of  titrations  were  made  using  known  solutions  of  the  carbonates 
of  sodium,  calcium,  and  magnesium.  The  solutions  were  pre« 
pared  with  considerable  care  and  the  amount  of  the  salt  dissolved 
determined  g^avimetrically.  The  titration  work  was  carried  on 
by  two  different  observers.  All  the  titrations  were  made  in  a 
volume  of  100  cc.  The  amount  of  carbonate  present  was  varied 
in  the  lime  solutions,  three  dilutions  being  used,  while  with  the 
soda  and  magnesia  only  one  was  employed. 

The  figures  in  the  following  table  refer  to  the  number  of  cubic 
centimeters  of  sulphuric  acid  required  to  neutralize  five  cc.  of  a 
fiftieth-normal  sodium  carbonate  solution,  after  diluting  to  one 
hundred  cc.  with  distilled  water  and  titrating  with  the  aid  of  the 
different  indicators  in  the  manner  previously  described. 

Standardization  op  the  Sulphuric  Acid  against  a  Fiftikth-normai* 

Sodium  Carbonatb  Solution. 

Lac-     Phenac-    BrytfatO' 
moid,     etolin.        sine. 

Mean  of  ten  results 5.04       5.06  5.15 

Mazimnin 5»20        5.10  5.20 

Minimum 5.00       5.00  5.10 

Percentage  strength  of  acid  in  terms  of  fif- 
tieth-normal sulphuric  acid • 99.1  98.8  97.0  ] 

The  correction  for  each  indicator,  which  has  been  deducted 
in  the  abov^e  table,  is  as  follows  : 

One-half  cc.  of  the  lacmoid  solution  requires  four-tenths  cc.  of 
tte  sulphuric  acid  to  produce  the  end-point ;  five-tenths  cc.  of 
the  phenacetolin  solution  requires  0.25  cc.  of  acid  and  two  and 
five-tenths  cc.  of  the  erythrosine  solution  with  five  cc.  of  chloro- 
form requires  two- tenths  cc.  of  acid. 

Summary  op  Rbsults  Obtained  with  Known  Solutions  op 

Calcium  Carbonatb. 

Group  I, 

Calcium  carbonate.  Lacmoid.  Phenacetolin.  Brythrosine. 

Parts  present  in  solution*  67.8  67.8  67.8 

Parts  found,  average  of  fifteen  results  67.6  .  66.9  65.8 

Percentage  found  of  amount  present  99.7  98.7  97.0 

1  Amounts  expressed  in  parts  per  million. 
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Group  IL 

I«acmoid.  PhenacetoUn.  Hrythrooiiie. 

Parts  present  in  solution 40.7  40.7  40.7 

Parts  found,  average  of  fifteen  results  40.0  40.2  40.4 

Percentage  found  of  amount  present  98.2  98.7  99.2 

Group  III. 

Parts  present  in  solution 27.  i  27.  i  27.1 

Parts  found,  average  of  fifteen  results  26.4  26.3  26.8 
Percentage  found  of  amount  present  97.4  97.0  98.8 
Percentage  found,  average  of  forty- 
five  results 98.4  98.1  98.3 

Maximum  number  of  parts  variation 

from  amount  present 3.0  3.0  1.5 

Summary  of  Results  Obtainbd  with  a  Known  Solution  op 

Magnesium  Carbonate. 

Amount  of  MgCO^  Present  in  all  Titrations  ^:s  36.^  parts, 

Mairuesium  carbonate.  Lacmoid.  Phenacetolin.  Brythrosme. 

Parts  found,  average  of  five  results.  35.9  35.9  36.2 

Percentage  found  of  amount  present  98.3  98.3  99.1 

Maximum  number  of  parts  variation 

from  amount  present    i.o  i.o  0.5 

Prom  the  preceding  data  it  is  quite  apparent  that  any  one  of 
the  indicators  offers  but  little  superiority  over  either  of  the  other 
two.  Erythrosine  gives  more  uniform  results  and  a  larger  per- 
centage of  the  carbonates  actually  present  with  low  amounts 
than  with  high- amounts,  while  the  reverse  seems  to  be  true  of 
lacmoid  and  phenacetolin. 

The  only  conclusion  which  can  be  drawn  from  the  above  data 
is  that  with  a  knowledge  of  the  true  end-point  with  lacmoid  and 
phenacetolin  and  with  proper  care  and  skill  all  of  the  three  indi- 
cators are  suitable  for  Hehner*s  method,  and  that,  if  uniformity 
of  results  within  very  narrow  limits  is  desired,  the  preference 
should  be  given  to  erythrosine.  The  average  error  of  determi- 
nation when  employing  any  one  of  these  three  indicators  ought 
not  in  good  work  to  exceed  =t  1.5  per  cent. 

Thomson  has  very  fully  described  the  bases  capable  of  being 
determined  wuth  lacmoid  and  phenacetolin  and  the  salts  interfer- 
ing with  their  action.  Mylius  and  Poester  made  use  of  erythro- 
sine for  the  study  of  the  neutrality  of  salts,  and  certain  facts 
which  they  brought  out  are  of  interest  in  connection  with  this 
determination. 
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The  alkalies,  alkaline  earths,  salts  of  cadmium,  manganese, 
nickel,  and  cobalt  are  alkaline  to  erythrosine.  The  oxygen  salts 
of  iron,  alaminnm,  and  chromium  behave  like  free  acids  to  this 
indicator.  It  is  not  suitable  for  the  titration  of  organic  acids ; 
and  even  oxalic  acid  cannot  be  used.  Ammonia,  however,  may  be 
titrated  with  it.  Erythrosine  may  be  used  with  fairly  turbid 
waters  and  also  with  colored  waters.  In  this  respect  it  is  much 
better  than  lacmoid  or  phenacetolin,  both  of  which  tend  tr 
give  too  high  results  with  such  waters. 

I«AK>RATORT  OF  **  COMMIBSIOlfBRS  OF  WaTBR  WO&KS," 

CiHCZNNATi,  OHIO,  January  zo,  1899. 


SOME  NOTES  ON  THE  ESTIMATION  OF  CARBOHY- 

DRATES. 

By  p.  W.  Trapbaobn  and  W.  M.  Coblbxoh. 
Received  Decenber  ao,  zSpS. 

IN  common  with  agricultural  chemists  in  many  parts  of  the 
country  we  have  been  interested  in  the  direct  determination 
of  the  carbohydrates  of  grains,  foods,  etc.,  in  place  of  the  method 
of  subtracting  from  one  hundred  all  other  constituents  and  call- 
ing the  remainder  **  nitrogen- free  extract." 

It  seemed  to  us,  as  it  was  necessary  to  take  advantage  of  the 
cupric  reducing  power  for  the  estimation  of  the  carbohydrates  or 
their  hydrolyzed  products,  that  the  first  matter  of  importance  in 
studying  these  methods  was  a  determination  of  the  simplest 
means  for  estimating  the  quantity  of  copper  precipitated. 

For  the  determination  of  copper  electrolytically,  if  many  deter- 
minations are  to  be  made  at  a  time,  the  platinum  apparatus 
becomes  very  expensive.  If  for  this  method,  which  when  prop- 
erly conducted  gives  excellent  results,  we  can  substitute  a  vol- 
umetric method  giving  equally  good  results,  it  would  seem  desir- 
able to  do  so.  A  volumetric  method  for  the  estimation  of  the 
precipitated  cuprous  oxide  is  much  to  be  preferred  to  any  grav- 
imetric method,  provided  that  it  gives  results  of  the  same 
degree  of  accuracy.  We  offer  the  following  method  which  in 
our  hands  has  given  excellent  results  : 

100  cc.  of  Pehling's  solution  are  diluted  with  100  cc.  of  water 
and  heated  in  a  boiling  water-bath.  A  known  amount  of  sucrose 
or  starch  contained  in  carefully  analyzed  samples  which  are  as 
nearly  as  possible  like  the  substance  under  analysis,  is  inverted. 
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These  solutions  are  used  with  similar  solutions  containing 
approximately  known  amounts  of  sucrose  or  starch.  The 
amounts  taken  in  each  case  are  such  that  the  precipitated  cuprous 
oxide  is  nearly  identical  in  weight.  The  precipitated  cuprous 
oxide  is  collected  on  a  Hirsch  funnel  covered  with  asbestos  felt. 
After  washing  thoroughly  with  water  the  top  layer  of  the  asbes- 
tos carrying  most  of  the  cuprous  oxide  is  transferred  with  a  plat- 
inum spatula  to  the  beaker  in  which  the  precipitation  was  made. 
The  remaining  asbestos  is  moistened  and  the  cuprous  oxide 
adhering  to  the  side  of  the  funnel  is  easily  rubbed  off.  Water  is 
added  and  the  mass  thoroughly  stirred.  Fifty  cc.  of  a  saturated 
solution  of  ferric  sulphate  in  twenty  per  cent,  sulphuric  acid  is 
added.  After  the  cuprous  oxide  is  dissolved,  filter  on  the  same 
funnel,  thus  leaving  it  ready  for  another  filtration.  The  solu- 
tion is  then  ready  for  titration  with  potassium  permanganate. 
The  end-reaction  is  clear  and  definite. 

The  possible  objections  to  be  urged  against  the  use  of  a  volu- 
metric method  are  :  First,  the  possibility  of  oxidation  of  the 
cuprous  oxide ;  second,  the  possible  re-solution  of  the  oxide. 
This  is  equally  an  objection  to  any  gravimetric  method,  should 
it  occur,  but  our  investigations  proved  that  no  such  re-solution 
occurs.  A  third  objection  may  be  made  that  the  results  are  not 
strictly  comparative.  The  experiments  made  bear  directly  upon 
these  points. 

As  to  the  oxidation  of  cuprous  oxide,  six  lots  containing  equal 
quantities  of  invert  sugar  were  treated  as  usual.  .Three  of  these 
lots  were  filtered,  washed,  dissolved,  and  titrated  at  once  with 
permanganate.  47.00,  47.10,  and  47.15  cc.  were  required,  an 
average  of  47.10  cc.  The  remaining  three  lots  were  treated  as 
above,  except  that  instead  of  being  dissolved  at  once  they  were 
allowed  to  remain  for  three  hours  on  the  filter,  then  removed 
and  kept  under  water  over  night.  The  next  day  they  were  dis- 
solved and  titrated,  requiring  47.15,47.10,  and  47.00  cc.  respect- 
ively, an  average  identical  with  the  results  obtained  where 
every  possible  precaution  was  taken  against  oxidation-. 

When  the  precipitated  cuprous  oxide  was  allowed  to  stand  in 
the  alkaline  solution  from  which  it  was  precipitated,  instead  of 
filtering  immediately,  the  following  results  were  obtained  : 

In  the  case  of  immediate  filtration  and  titration,  41.4,  41.4) 
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and  41.5  cc,  being  an  average  of  41. 43  cc.  of  permanganate  sola- 
tioQ,  were  required,  while  for  the  oxide  which  stood  twenty-four 
hours  in  the  alkaline  solution  from  which  it  was  precipitated 
before  it  was  filtered,  there  was  required  41.5,  41. 7)  and  41.3  cc. 
permanganate,  the  average  of  which,  41.5  cc,  is  almost  identi- 
cal with  the  preceding  value.  This  indicates  clearly  that  no 
re-solution  takes  place.  While  in  ordinary  work  it  is  not  neces* 
sary  to  allow  these  precipitates  to  stand  more  than  twenty-four 
hours  before  treatment,  it  might  occasionally  be  necessary,  how- 
ever, to  allow  them  to  stand  over  night ;  this  could  be  done  with 
safety. 

The  following  results  will  show  that  under  proper  manipiflation, 
it  is  possible  to  get  figures  which  are  perfectly  harmonious  among 
themselves.  Sugar  solutions  were  made  which  would  contain,  on 
inversion,  the  starch  or  invert  sugar  equivalent  of  0.38  gram  of 
sucrose.  This  solution  required,  when  the  cuprous  oxide  was  pre- 
cipitated by  AUihn's  method,  an  average  of  41.3  cc.  of  potassium 
permanganate  solution,  while  the  average  obtained  by  precipi- 
tating the  oxide  in  a  boiling  water-bath  for  one-half  hour  was 
41.47  cc.  Three  different  solutions,  inverted  independently, 
were  used.  These  required  for  the  first.method4i.i  cc. ;  41.3, 
41.2  cc. ;  and  41.4,  41.5  cc,  respectively,  while  for  the  water- 
bath  precipitation  41.4,  41.5  cc. ;  41.4,  41.7  cc. ;  and  41.5,  41.3 
cc.  were  required.  With  a  commercial  starch  the  results  were, 
by  AUihn's  method  of  precipitation,  34.5,  34.7,  and  34.600.;  and 
by  the  water-bath  34.8  and  35  cc 

It  will  be  noticed  that  thesfe  results  are  remarkably  close 
together,  that  while  the  water-bath  precipitation  gives  somewhat 
higher  results,,  that  as  a  whole  these  figures  are  as  consistent 
and  harmonious  as  analytical  results  generally  are,  and  that  the 
extreme  error  is  very  slight. 

The  constant  checking  of  results  in  compounds  of  unknown 
carbohydrate  content  against  those  obtained  from  substances  of 
known  composition,  places  each  chemist,  after  he  has  become 
familiar  with  the  manipulation,  where  he  is  entirely  independent 
of  the  possible  influences  of  local  climatic  conditions.  Our  own 
work  shows  that  one  can  constantly  obtain  the  same  percentages 
with  the  same  reducing  solutions.  Of  course  we  appreciate  the 
fact  that  it  is  difficult  to  constantly  obtain,  from  complex  carbo- 
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hydrates,  solutions  having  constant  reducing  power,  and  on  this 
account  we  have  taken  substances  which  were  easily  hydrolyzed 
to  a  constant  reducing  power. 

Our  purpose  has  been  to  deal  in  this  paper  only  with  the  deter- 
mination of  the  reduced  copper.  The  amount  of  dextrose  calcu- 
lated to  copper  according  to  the  ratio  5Cu,0  :  2C,H„0,  is  i  mg. 
Cu  =  0.5678. 

An  inspection  of  Allihn*s  tables  will  show  that,  while  the  val- 
ues given  at  the  beginning  of  the  table  for  weights  not  far  from 
ten  milligrams  of  copper  is  higher  than  that  calculated  from  the 
reaction,  that  it  soon  begins  to  drop  and  for  100  milligrams  it 
reaches  its  lowest  point,  namely,  0.509  milligram  of  dextrose  for 
one  of  copper,  which  is  much  lower  than  the  calculated  weight; 
from  this  point  the  ratio  steadily  rises  until  at  the  highest  point 
in  copper  weight  the  table  reaches,  463,  the  dextrose  equivalent 
249.9  gives  a  ratio  of  i  :  0.539. 

A  calculation  of  the  amount  of  dextrose  or  its  equivalent  in 
unknown  mixtures  corresponding  to  potassium  permanganate  as 
given  by  the  ratios  2C,H„0, :  5Cu,0  ;  loFe  :  K^Mn^Og  gives,  as 
would  be  expected,  results  entirely  too  high. 

Our  method  for  overcoming  this  difficulty  is  to  take  a  known 
amount  of  pure  cane-sugar  as  a  standard  for  sucrose  and  for 
starch  a  commercial  starch  which  has  been  very  carefully  ana- 
lyzed, and  treat  this  under  exactly  similar  conditions  with  the 
substances  containing  approximately  known  amounts  of  sugar 
or  starch.  Thus  we  always  get  nearly  the  same  weights  of  sub- 
oxid  in  all  cases,  and  inasmuch  as  we  determine  each  time  our 
sucrose  or  dextrose  ratio,  any  variation  of  climatic  condition  can 
hardly  affect  results.  In  this  connection  it  has  seemed  to  us  that 
the  variation  in  boiling-point  due  to  the  locations  of  laboratories 
at  different  altitudes  might  seriously  affect  the  direct  use  of  Al- 
lihn's  tables.  Unfortunately  our  weights  of  cuprous  oxide  were 
so  high  (they  were  made  so  intentionally  to  avoid  multiplying 
errors) ,  that  we  could  not  make  this  comparison  by  use  of  results 
now  in  our  possession,  but  we  shall  make  it  a  point*as  early  in 
the  future  as  possible,  to  investigate  this  matter.  Our  laboratory 
is  over  4800  feet  above  sea-level,  the  average  barometric  pres- 
sure 637  millimeters,  and  the  boiling-point  close  to  95"*.  This  dif- 
ference of  5^  in  the  boiling-point  may  be  well  supposed  to  have 
its  effect. 
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Another  point  has  occurred  to  us  :  our  results  by  permanga- 
nate have  led  us  to  suspect  that  all  the  copper  may  not  be  pres- 
ent in  the  precipitate  as  cuprous  oxide.  We  are  satisfied  that 
after  precipitation,  and  until  acted  upon  by  the  ferric  sulphate 
solution,  no  oxidation  of  the  precipitate  takes  place,  yet  we  find 
more  copper  by  the  electrolytic  method  than  by  the  permanga- 
nate. The  ratio  is  i :  0.9905.  It  may  be  urged  that  this  repre- 
sents  the  error  due  to  the  determination  of  the  cuprous  oxide  by 
the  permanganate  method,  but  we  are  unwilling  to  concede  this. 

However,  even  were  this  granted,  the  admission  would  not 
affect  the  accuracy  of  the  method  we  offer,  for  correct  results 
depend  only  upon  the  permanganate  factor,  and  not  upon  the 
absolute  amount  of  copper. 

MOHTAHA  BxPBUMBirr  Station, 

BOZBMAir,  MOKT. 
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THE  ATOniC  ilASS  OF  TUNGSTEN  AND  THE  PREP- 
ARATION OF    SODIUM  PERTUNQSTATE   BY 
MEANS  OP  THE  ELECTRIC  CURRENT.' 

Bt  Obokob  Bdward  Thomas. 
RsceWed  Janaary  s,  1899. 

I.   THE  ATOMIC  MASS  OP  TUNGSTEN. 

THERE  have  been  numerous  determinations  of  the  atomic 
mass  of  tungsten  made  in  this  laboratory ;  but  as  there 
were  noted  discrepancies  in  the  results  obtained,  it  was  deemed 
advisable  to  pursue  further  investigation,  as  there  appeared  to 
be  a  probability  that  an  examination  of  the  trioxide  of  tungsten 
from  different  ^sources  might  reveal  the  cause  of  the  disagree- 
ment mentioned. 

Scheelite  from  Schlackenwald,  Bohemia,  and  wolframite  from 
Monroe  county,  Connecticut,  were  treated  independently  as  fol- 
lows :  The  finely  divided  minerals  were  digested  for  several  days 
with  aqua  regia^  and  the  insoluble  residue  washed  repeatedly  with 
water,  and  subsequently  treated  with  ammonium  hydroxide. 
These  solutions  were  then  evaporated  and  the  crystals  obtained 
were  ignited,  and  to  remove  any  molybdenum  which  might  be 

1  Piom  the  avthor't  theiU  for  the  degrree  of  Doctor  of  Philotophy. 
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present,  the  trioxides  were  exposed  in  a  porcelain  boat  to  the 
action  of  hydrochloric  acid  gas  at  a  gentle  heat  in  a  tube  of  hard 
glass. 

After  the  reignition  of  the  oxides,  they  were  placed  in  a  porce- 
lain dish,  covered  with  distilled  water,  and  ammonia  gas  intro- 
duced until  complete  saturation  was  attained.  These  salts  were 
repeatedly  crystallized  until  perfectly  white. 

It  appeared  desirable,  before  further  work  was  undertaken,  to 
submit  portions  of  the  two  oxides  to  Dr.  W.  L.  Hardin,  for 
examination,  as  he  was,  at  the  time  of  this  research,  determin- 
ing by  means  of  elaborate  apparatus  the  atomic  mass  of  tungsten 
by  reduction  of  the  trioxide  in  hydrogen  gas  and  subsequent 
reoxidation  of  the  metal.' 

Reduction  of  tungsten  trioxide  obtained  from  wolframite  from 
Connecticut : 

Weight  of  WOs.        Weight  of  W.       Atomic  nwH 
Grams.  Grams.  of  tungsten. 

I 3-U520  2.49330  183.58 

2 3.10516  2.46141  183.51 

3 4.17792  3-31244  183.83 

Mean,  183.64 

Maximum  difference,     0.33 
Oxidation  series : 

Weight  of  W.       Weight  of  WOa.     Atomic  msss 
Grams.  Grrnms.  of  tungsten. 

I 2.48088  3.12790  184.05 

2 2.44588  3.08318  184.32 

3 3-29370  4.15260  184.06 

Experiments  on  material  from  scheelite  from  Bohemia.  Two 
reductions  were  as  follows : 

Weight  of  WOa.       Weight  of  W.       Atomic  mass 
Grams.  Qrams.  of  tungsten. 

I 2.77363  2.19950  183.89 

3 3.13337  I.69130  183.63 

The  oxidation  gave : 

Weight  of  W.       Weight  of  WOg.     Atomic  mass 
Grams.  Grams.  of  tungsten. 

I 3.18985  3.76060  184.17 

3 1.68208  3.13070  184.08 

These  investigations  prove  conclusively  that  the  trioxides 
from  both  minerals  were  identical,  and  that  the  errors  alluded 
to  were  not  to  be  attributed  to  the  difference  in  the  sources  of 
the  minerals  examined,  and  as  it  was  evidently  unnecessary  to 

1  This  Journal,  19,  657  (1897). 
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confirm  his  observations,  farther  study  in  this  particular  direc- 
tion was  discontinued. 

In  the  belief  that  there  was  something  present  in  the  mineral, 
or  in  the  method  for  obtaining  the  material  for  analysis,  which 
caused  the  lack  of  concordance  in  the  results,  another  line  of 
procedure  was  adopted. 

.1648  g^ams  of  finely  pulverized  wolframite,  from  Zinnwald, 
Bohemia,  were  fused  with  four  times  their  weight  of  sodium 
carbonate  in  a  wind  furnace.  Iron  crucibles  were  employed,  but 
the  intense  heat  melted  the  crucibles,  with  an  incidental  loss  of 
material,  requiring  the  use  of  fire-clay  vessels. 

The  fusion  of  unattacked  oxides,  sodium  tungstate,  and 
sodium  carbonate,  was  lixiviated  with  water,  and  the  solution 
of  the  sodium  salts  siphoned  off.  A  purification  by  means  of 
fractional  crystallization  was  attempted ;  at  least  sixty  crystal- 
lizations were  made  covering  a  period  of  about  two  months. 
Large  quantities  of  silica  were  separated,  which  was  introduced 
partly  by  the  use  of  fire-clay  crucibles.  After  this  prolonged 
treatment  the  sodium  tungstate,  although  perfectly  white  and 
apparently  pure,  contained  a  trace  of  sodium  carbonate  and  silica. 

However,  the  results  from  the  water  of  crystallization,  by 
heating  the  salt  in  an  air-bath  at  temperatures  varying 
between  180^  and  200^  C,  were  so  concordant  that  it  appeared 
probable  that  this  might  prove  to  be  a  reliable  method  for 
ascertaining  the  atomic  mass  of  tungsten. 

Preliminary  investigation : 

H  =  1 .008  0=16  Na  =  23.05 

In  this  series  of  experiments  calibrated  weights  were  not 
employed  and  a  Troemner  balance  was  iised,  suited  for  ordinary 
analytical  work. 

Weight  of 
•  Weight  of  salt         water.  Per  cent 

Grams.  Grams.  water.        Atomic  mass. 

1 1.4267  0.1558  10.92  183.82 

2 2.1275  0.2323  10.91  183.86 

3 2.5599  0.2582  10.94  183.19 

4 6.8925  0.7534  10.93  183.50 

5 3-2494  0.3554  10.94  183.30 

6 4.4651  0,4880  10.93  183.55 

7 7.10H  0,7759  1093  183.63 

0 11.0159  1.2057  10.94  183.07 

9 9.3313  1.0194  10.92  183.60 

10 8.1501  0.8912  10.93  183.38 
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The  difficulty  encountered  in  the  separation  of  sodium  tung- 
state  from  sodium  silicate  indicated  the  necessity  of  abandoning 
this  material  for  further  use  for  atomic  mass  determinations. 

Therefore,  to  test  the  accuracy  of  this  method,  ammonium 
tungstate  from  scheelite,  from  Bohemia,  and  wolframite,  from 
Connecticut,  purified  as  already  described,  were  ignited,  and  the 
trioxide  obtained  was  dissolved  in  sodium  hydroxide  prepared 
by  dissolving  metallic  sodium  in  distilled  water  in  a  platinum 
dish.  This  solution  was  evaporated  to  crystallization;  after 
repeating  this  operation  three  times  the  salt  was  found  to  contain 
sodium  carbonate,  due  to  absorption  of  carbon  dioxide  from  the 
air,  caused  by  the  excess  of  sodium  hydroxide.  It  was  dissolved 
in  distilled  water  and  decomposed  by  electrolysis  in  an  apparatus 
described  on  page  378.  The  greater  portion  of  the  sodium  hy- 
droxide in  the  outer  compartment  was  added  to  the  contents  of 
the  bulb ;  the  remainder  was  rejected  in  order  that  there  might 
be  no  excess  of  sodium  hydroxide  present.  This  solution  was 
evaporated  to  crystallization,  the  salt  dissolved,  filtered  and 
recrystallized.  The  product  was  examined  for  silica,  carbon 
dioxide,  and  ozone,  with  negative  results. 

These  crystals  of  sodium  tungstate  were  white,  and  upon 
analysis  yielded  70.274  percent,  of  tungsten  trioxide,  the  the- 
oretical value,  on  a  basis  of  184  as  the  atomic  mass  of  tungsten, 
being  70.303  per  cent.  Varying  the  conditions  of  temperature 
produced  different  results,  indicating  that  all  of  the  water  was 
not  eliminated  at  200^  C,  and  at  much  higher  temperatures 
volatilization  ensues.  Therefore  0.7903  gram  of  the  salt 
was  heated  for  one-half  hour  at  220^,  allowed  to  cool,  and 
weighed,  the  loss  indicating  10.85  P^''  cent,  water.  Repeated 
experiments  were  made  with  a  corresponding  increase  in  tem- 
perature and  loss,  until  between  264"-294°  C,  when  no  loss  in 
weight  was  observed,  and  the  percentage  of  water  found  equsJled 
10.907,  the  theoretical  on  a  basis  of  184  for  the  atomic  mass  of 
tungsten  being  10.909.  Upon  sintering  the  salt  in  a  platinum 
crucible  there  was  a  loss  of  11.03  P^^  cent,  in  weight,  and  when 
the  covered  crucible  is  kept  at  a  red  heat  for  some  time,  a  white 
substance  is  noticed  on  the  lid.  There  were  also  four  determina- 
tions made  by  heating  the  salt  in  a  tube  of  glass,  and  collecting 
the  water  in  a  ||-tube  containing   sulphuric  acid  and  pumice 
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stone.the  results  confirming  the  belief  that  volatilization  accom- 
panied  an  increase  of  temperature.  The  following  atomic  mass 
determinations  were  made  by  heating  the  normal  salt  between 
268*  and  295®  C.  A  Troemner  balance  (sensitive  to  the  fortieth 
of  a  milligram)  and  weights  previously  calibrated  were  employed. 

PmsT  Sbribs. 

Weight  of  Na,W04.aH,0.    Weight  of  water. 

Grains.  Gram.  Atomic  mass. 

I 1.36222                    0.14842  l84>507 

2 1.06905                    0.I1638  184.852 

3 1.40966                   0.15366  184.421 

4 3.34595                   0.25556  184.628 

5 1.00236                   0.10913  184.822 

6 1. 12350                   0.12236  184.710 

7 #....    1.19171                    0.12963  185.116 

Mean,  184.722 

Mazimum  difference,      0.695 

Sbcond  Sbribs. 

8 1.04092  0.1 1365  183.884 

9 ' 1.34561  0.14763  182.290 

»io 1.01077  0.10916  187.507 

II 1.01065  0.11042  183.668 

12 ^.  1.03371  0.11226  185.657 

H^  1.008  0  =  16  Na  =  23.05 

The  results  are  not  recorded  in  the  order  in  which  they  were 
obtained.  Those  from  one  to  seven  inclusive  are  grouped 
together  as  indicating  those  which  are  most  concordant,  and 
consequently  believed  to  most  nearly  approach  the  true  atomic 
mass. 

The  marked  discrepancies  appear  to  have  been  incident  to  the 
difficulty  of  obtaining  a  uniform  temperature  in  all  parts  of 
the  air-bath.  It  was  thought  that  a  slight  error  might  have 
been  introduced  by  the  presence  of  hygroscopic  moisture  in  the 
air-dried  salt.  Upon  allowing  a  portion  to  remain  in  a  desiccator 
over  calcium  chloride  for  some  hours,  no  appreciable  loss  in 
weight  was  obser\^ed. 

The  great  difference  between  the  molecular  weight  of  water 
and  the  atomic  mass  of  tungsten  causes  the  slightest  errors  of 
analysis  to  seriously  affect  the  results;  which,  in  addition  to  the 
danger  of  volatilizing  a  portion   of  the  material,   appears  to 
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render  the  method  unsuited  for  the  determination  of  the  atomic 
mass  of  tungsten. 

II.   SODIUM  PERTUNGSTATE. 

When  sodium  tungstate  was  electrolyzed  in  a  platinum  cru- 
cible, and  the  solution  subsequently  acidulated  with  hydrochloric 
acid,  a  gas  was  evolved  which  liberated  iodine  from  a  solution 
of  potassium  iodide.  To  further  the  investigation  of  this  phe- 
nomenon, an  apparatus  was  constructed  to  facilitate  more  com- 
plete oxidation,  as  this  was  believed  to  be  the  cause  oi  the  reac- 
tion observed  upon  the  addition  of  the  acid. 

The  figure  represents  the  apparatus,  one  half  actual  size.  The 
outer  vessel,  d,  is  a  beaker  glass;  the  inner  compartment  consists 
of  a  bulb  with  two  openings,  the  lower  aperture  being  covered 
with  parchment,  which  is  employed  to  prevent  the  solution  of 


sodium  tungstate  from  flowing  into  the  beaker,  d.  By  placing 
the  finger  over  the  opening,  n,  all  of  the  solution  subjected  to  the 
oxidizing  action  about  the  anode,  a,  may  be  separated  without 
loss  or  contamination.  The  anode  consists  of  platinum  wire, 
while  the  cathode  may  be  platinum,  nickel,  or  iron,  as  it  is  not 
corroded. 


ATOMIC   MASS  OF  TUNGSTEN.  379 

E.  Pechard*  describes  the  preparation  of  a  new  oxygen  com- 
pound of  tungsten  by  the  boiling  of  paratungstate  of  sodium 
with  hydrogen  peroxide,  the  solution  acquiring,  during  the 
operation,  a  yellowish  tint  and  yielding  no  precipitate  upon  the 
addition  of  nitric  acid;  the  crystals  obtained,  to  which  he 
ascribed  the  formufa  J^a,0.W,0,.2H,0,  liberated  chlorine  from 
hydrochloric  acid  and  iodine  from  potassium  iodide.  Exper- 
iments were  first  made  with  solutions  containing  an  excess  of 
alkali;  but  as  acid  solutions  are  more  favorable  to  oxidation, 
varying  quantities  of  acid  were  subsequently  added  to  the  solu- 
tion of  the  sodium  tungstate. 

After  numerous  experiments  extending  over  a  long  period,  the 
best  results  were  attained  by  employing  a  current  which  showed 
before  the  introduction  of  the  electrolvte  into  the  circuit,  an 
amperage  of  one  and  four-tenths,  and  a  voltage  of  107.  The 
electrolyte  consisted  of  a  solution  of  fifteen  grams  of  sodium 
tungstate  dissolved  in  fifty  cc.  water  and  one-half  cc.  acetic  acid 
(twenty-five  per  cent.),  a  corresponding  quantit}*^  of  acid  being 
added  to  the  water  in  the  beaker  to  facilitate  the  conduction, 
and  a  further  addition  of  one-quarter  cc.  acetic  acid,  after  four 
hours'  contact,  to  the  contents  of  the  bulb. 

During  the  operation  much  heat  is  generated,  due  to  the  resis- 
tance offered  by  the  electrolyte ;  and  the  solution  in  the  bulb  as 
the  salt  approaches  the  para  condition,  *  aused  by  the  alkali  per- 
meating the  membrane  and  collecting  about  the  cathode, 
acquires  a  yellow  color.  After  six  hours'  treatment  it  will  yield 
no  precipitate  upon  the  addition  of  nitric  acid.  The  solution 
should  then  be  removed  from  the  bulb,  as  prolonged  contact 
with  the  current  will  affect  a  complete  decomposition  with  a 
subsequent  separation  of  tungstic  acid.  The  solution  after  this 
treatment  is  acid  in  reaction. 

The  yellow  solution  when  evaporated  on  a  water-bath  below 
100**  C.  becomes  sirupy,  retains  its  j'ellow  color,  possesses  a 
very  high  specific  gravity,  and  when  allowed  to  crystallize,  yields 
yellowish- white  crystals.  These  were  thought  from  their  appear- 
ance and  their  reactions,  namely,'  the  liberation  of  chlorine  from 
hydrochloric  acid  and  ozone  upon  the  addition  of  sulphuric  and 
nitric  acids,  to  be  perfectly  pure  sodium  pertungstate ;  but  upon 

I  Compt.  remd.t  xis,  X060-X063. 
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making  determinations  of  oxygen  in  different  samples,  by  the 
use  of  Bunsen's  apparatus,  collecting  the  chlorine  liberated  by 
boiling  with  hydrochloric  acid,  in  a  solution  of  potassidm  iodide, 
and  titrating  with  a  standardized  solution  of  sodium  hyposul- 
phite, it  was  found  that  less  than  four-tenths  of  a  per  cent,  of 
oxygen  was  present. 

The  work  of  Pechard  indicated  the  presence  of  2.82  per  cent, 
to  2.93  per  cent,  of  oxygen.  These  experiments  gave  positive 
proof  that  the  oxidation  in  the  diaphragm  cell  was  not  complete, 
due  in  all  probability  to  the  short  interval  that  the  current  could 
act  while  the  salt  was  in  the  para  condition,  as  the  composition 
of  the  contents  of  the  inner  bulb  is  constantly  changing.  Frac- 
tional crystallization  was  not  applicable,  owing  to  the  readiness 
with  which  the  oxygen  compound  and  the  other  sodium  tung- 
states  dissolve  in  water.  Attempts  were  made  to  affect  its  solu- 
tion in  various  solvents:  but  chloroform,  benzene,  carbon  disul- 

■ 

phide,  ether,  and  ethyl  alcohol  were  without  action.  It  was 
found  that  a  ninety  per  cent,  solution  of  methyl  alcohol  would 
dissolve  the  sodium  .pertungstate,  but  a  portion  of  the  contam- 
inating salt  was  also  soluble ;  however,  this  was  largely  elim- 
inated. 

Upon  subsequent  crystallization  over  calcium  chloride,  the 
yellow  crystals  liberated  ozone  while  in  the  desiccator,  indicating 
a  partial  decomposition ;  and  upon  experimenting,  it  was  found 
that  the  method  was  inoperative  as  a  means  of  separation.  The 
possible  oxidation  of  the  alcohol  would  also  ren.der  this  treat- 
ment unsatisfactory.  Before  this  knowledge  was  acquired 
attempts  were  made  to  prepare  other  pertungstates  by  double 
decomposition  with  salts  of  the  metal ;  this,  however,  was  aban- 
doned after  the  impurities  were  discovered,  and  the  efforts  for 
their  removal  proved  unsuccessful.  After  this  work  was  com- 
pleted an  experiment  was  made  using  a  more  concentrated  solu- 
tion, and  subjecting  it  to  the  action  of  a  current  of  less  intensity 
at  a  temperature  below  20""  C.  Large  quantities  of  ozone  were 
evolved,  and  the  solution,  after  subjecting  it  to  the  action  of 
hydrochloric  acid,  only  gave  a  faint  test  for  chlorine,  indicating 
that  a  higher  temperature  in  this  instance  is  more  favorable  to 
oxidation. 

It  may  be  noted  that  the  oxygen  in  this  compound  is  present 
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as  ozone,  for  upon  ignition  of  the  salt  a  gas  was  evolved  which 
liberated  iodine  from  potassium  iodide.  Hence,  there  is  no 
doubt  whatever  that  pertungstate  of  sodium  was  formed,  and 
although  the  isolation  of  this  substance  was  not  accomplished, 
the  preparation  of  the  compound  by  this  method  is  of  great 
importance,  as  it  shows  an  additional  analogy  to  exist  between 
tungsten  and  sulphur,  the  second  member  of  this  group. 

While  pursuing  this  work,  a  modification  of  this  process  sug- 
gested itself  as  an  admirable  means  of  preparing  meta*  or  para- 
tungstate  of  potassium  or  sodium.  The  only  change  necessary 
for  the  accomplishment  of  this  result  appears  to  be  the  elimina- 
tion of  the  acid,  and  the  use  of  a  graduated  beaker  for  the  outer 
vessel.  A  definite  quantity  of  the  normal  salt  is  introduced  into 
the  bulb.  The  diaphragm  'prevents  the  contamination  of  the 
outer  liquid  with  sodium  tungstate,  as  it  was  found  that  it  did 
not  permeate  the  membrane.  Definite  portions  of  the  solution 
of  the  alkali  may  be  removed  from  time  to  time,  and  titrated 
with  normal  acid  until  the  requisite  amount  of  alkali  has  been 
separated.  The  ozone  present  may  be  removed  by  heating  from 
200"*  to  400"*.  The  crystals  are  dissolved  and  transformed  into 
barium  meta-  or  paratungstate  by  the  addition  of  barium 
chloride. 

The  accuracy  of  this  theory  will  be  determined  in  the  near 
future.  From  a  theoretical  standpoint,  it  appears  to  be  better 
suited  for  the  preparation  of  the  salts  mentioned  than  the 
methods  now  employed. 


[Contributions  from  thb  John  Harrison  Laboratory  op  Chemistry, 

No.  37.] 

^OBSERVATIONS  ON  DERIVATIVES  OP  ACONITIC  ACID. 

By  D.  C.  Hanna  and  Bdoar  P.  Smith. 
Received  January  s.  >999* 

I.   ACTION  OP  PHOSPHORUS  TRISULPHIDE  UPON  ACONITIC  ACID. 

ACONITIC  acid  was  prepared  by  the  method  of  Hentschel.* 
One  hundred  and  sixty-eight  grams  of  it  were  then  con- 
verted into  the  sodium  salt,  and  portions  of  forty  grams  of  this 
salt  and  eighty  grams  of  phosphorus  sulphide  were  intimately 

'^J.prakt,  Chem.  [a],  35,  205. 
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mixed  and  heated  in  a  distilling  bulb.  The  vapors  which  were 
evolved,  were  conducted  into  water.  This  aqueous  solution  had 
an  odor  resembling  that  of  naphthalene.  Sodium  hydroxide 
was  mixed  with  it  and  steam  was  then  conducted  through  the 
solution.  Small  quantities  of  a  rather  heavy  oil  passed  over 
with  the  aqueous  vapor.  It  was  extracted  from  the  water  with 
ether.  The  ethereal  solution  was  dehydrated  with  calcium 
chloride.  The  oil  remaining  after  distilling  off  the  ether  weighed 
0.2980  gram.  Its  alcoholic  solution  was  mixed  with  an  alco- 
holic solution  of  picric  acid,  when  crystals  separated  which  were 
identical  with  those  of  the  picric  acid  derivative  of  thiophtene, 
obtained  by  V.  Meyer.* 

As  the  preceding  method  did  not  yield  the  thiophtene  in  veiy 
great  abundance  we  mixed  and  disttlled  ninety  grams  of  aconitic 
acid  with  180  grams  of  phosphorus  sulphide.  The  resulting 
vapors,  as  before,  were  conducted  into  water.  A  gentle  heat 
was  sufficient  to  start  the  reaction,  which  then  proceeded  with 
considerable  violence.  Much  hydrogen  sulphide  was  liberated. 
The  distillate  was  again  mixed  with  sodium  hydroxide  and 
steam  was  conducted  through  it.  An  oil  passed  over  and  was 
removed  from  the  water  with  ether.  It  proved  to  be  thiophtene 
and  weighed  0.6975  gram.  This  is  practically  about  the  same 
yield  of  thiophtene  as  was  obtained  by  V.  Meyer  on  distilling 
citric  acid  with  phosphorus  sulphide.  Our  product  boiled  at 
225**,  while  Meyer  records  the  boiling-point  of  the  purest  thi- 
ophtene, made  from  citric  acid  at  224^-226**. 

The  second  method  seems  on  the  whole  preferable  to  the  first 
method.  Two  grams  of  our  thiophtene  were  dissolved  in  a  little 
absolute  alcohol,  and  to  this  solution  were  added  two  and  five- 
tenths  grams  of  picric  acid  in  alcoholic  solution.  The  chara6 
teristic  yellow-colored  picric  acid  derivative  immediately  crys- 
tallized out.  The  dried  compound  melted  at  iss"".  It  has  the 
formula  C.H^S,.C,H,0(NO,),.     Portions  of  it  were  analyzed. 

I.. 0.2078  gram  of  the  yellow  crystals  was  oxidized  with  con- 
centrated nitric  acid.  The  sulphur,  weighed  as  barium  sulphate, 
equaled  0.0359  gram  =17.28  per  cent,  sulphur,  instead  of  17.34 
per  cent,  sulphur. 

I  Die  Tbiophen  Gruppe,  p.  350. 
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2.  A  nitrogen  determination  was  made  by  the  Kjeldahl 
method. 

0.1972  gram  substance  gave  0.0221  gram  of  nitrogen  =  11.20 
percent,  nitrogen  instead  of  11.38  per  cent,  nitrogen  required. 
The  picric  acid  derivative  gave  a  dark  purple-red  color  with  a 
warm  solution  of  isatine. 

II.   ACTION  OF  PHOSPHORUS  TRICHLORIDE  UPON  A  CITRIC 

ACID  ESTER. 

Conen*  allowed  phosphorus  trichloride  to  act  upon  triethyl 
citric  ester  and  obtained,  as  he  thought,  triethyl  aconitic  ester. 
In  the  last  edition  of  Beilstein's  **  Organic  Chemistry",  Vol.  I,  p. 
817,  in  the  description  of  triethyl  citric  ester  the  following  state- 
ment occurs  :  **damit  identisch  (?)  ist  das  Produkt  aus  Citronen- 
sauretriaethyl  Ester  und  PCI,  bei  100°. 

We  prepared  pure  triethyl  citric  ester,  boiling  at  »27o*'  (295 
mm.),  and  heated  eleven  grams  of  it  in  a  sealed  tube  with  four 
grams  of  phosphorus  trichloride.  The  temperature  of  a  water- 
bath  was  employed  in  heating  the  mixture.  On  opening  the 
tube  its  contents  were  transferred  to  a  distilling  bulb  and  sub- 
jected to  distillation  under  295  mm.  pressure.  The  fraction  pass- 
ing over  at  252®  was  collected  and  redistilled.  The  boiling- 
point  remained  constant.  The  product  was  a  hea\^,  colorless 
oil.  It  boiled  at  274°-275**  at  the  ordinary  pressure,  while  tri- 
ethyl citric  ester  under  similar  conditions  boiled  at  294**. 

This  oily  liquid  was  taken  up  with  water  and  boiled  with  ba- 
rium hydrate.  The  excess  of  barium  was  removed  with  carbon 
dioxide  and  the  filtrate  concentrated.  A  hard  glue-like  mass, 
consisting  of  plates,  separated.  In  every  respect  this  salt  was 
identical  with  barium  aconitate.  The  acid  liberated  from  it  sep- 
arated in  forms  like  these  of  aconitic  acid,  and  agreed  with  the 
latter  in  all  of  its  physical  properties.  It  dissolved  very  readily 
in  anhydrous  ether,  thus  proving  that  citric  acid  was  absent  as 
the  latter  is  insoluble  in  this  solvent.  The  evidence  here  pre- 
sented supports  the  view  that  phosphorus  trichloride  converts 
triethyl  citric  ester  at  100**  into  triethyl  aconitic  ester. 

UiriVKRSZTY  OP  PB2fN8YI.VANIA. 

1  Ber.  d.  chem.  Ges,,  la,  1655. 
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Bt  Cla&bmcb  Bbauoh  and  Bdoail  p.  ^^ith. 
Received  January  s*  >B99> 

T  seemed  to  us  a  matter  of  some  interest  to  learn  to  what 


I 


degree  molybdic  acid  could  be  reduced  by  hypophosphorous 
acid.  With  that  end  in  view,  17.5  grams  of  very  pure  ammonium 
molybdate  were  dissolved  in  a  liter  of  water,  thus  making  an 
approximately  tenth-normal  solution  of  the  trioxide.  However, 
the  real  molybdenum  content  of  this  solution  was  ascertained  by 
reducing  a  known  volume  of  the  liquid  with  zinc  and  sulphuric 
acid,  and  then  reoxidizing  with  a  standardized  potassium  per- 
manganate solution.  A  one  per  cent,  solution  of  hypophos- 
phorous acid  was  emploj'ed  to  effect  the  reductions. 

It  was  observed  that  when  a  concentrated  solution  of  hypophos- 
phorous acid  acted  upon  a  concentrated  solution  of  molybdic  acid, 
the  liquid  assumed  at  first  a  yellow  and  subsequently  a  brown 
color.  If  the  solutions  were,  however,  diluted  no  change  in 
color  was  noticed  in  the  cold,  but  upon  the  application  of  heat  a 
deep  blue  color  made  its  appearance.  Upon  adding  a  solution 
of  potassium  permanganate  to  this  hot  liquid  the  end-reaction 
was  not  well  defined.  If,  however,  the  blue  solution  was  cooled 
and  then  treated  with  permanganate,  the  end-reaction  (complete 
decolorization)  became  sharp.  The  slightest  excess  of  oxidant 
then  occasioned  the  usual  purple  tinge.  On  standing,  the 
liquid  slowly  regained  a  blue  color,  because,  doubtless,  of  the 
reducing  effect  of  traces  of  excessive  hypophosphorous  acid. 

The  titrations  were  conducted  in  solutions  (a)  made  acid  by 
a  definite  excess  of  hypophosphorous  acid,  (b)  acidulated  with 
sulphuric  acid,  and  {c)  neutralized  with  an  excess  of  barium 
carbonate.  Barium  hypophosphite  caused  no  reduction  in  the 
molybdate  solution  even  when  it  was  boiled.  In  one  instance 
the  cold,  reduced  solution  was  poured  into  a  measured  excess  of 
potassium  permanganate  acidulated  with  sulphuric  acid,  and 
titrated  back  wnth  a  ferrous  sulphate  solution.  The  most  satisfac- 
tory results  were  obtained  in  titrating  the  cold  solutions,  acidula- 
ted with  sulphuric  acid.  They  are  recorded  in  the  following  table : 
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Tablb. 
/.<?  cc.  solution  =-  o,oi2sP  gram  fnofybdenum  trioxide. 


\ 


o 

a 
S 


cc. 


cc<  Gram. 

25  0.31399  25.S 

25  o.3>399  20.5 

25  0-31399  26.2 

25  0.31399  29.1 

25  0.31399  28.7 

25  0.31399  28.5 

20  0.25120  20.3 

30  0.37680  31.0 


O  e  0 
e  c  V 

off  23 

Grmm. 
0.01663 
0.01337 
0.01709 
0.01898 
0.01872 
0.01859 
0.01324 
0.02022 


o 

V 


Gram. 

0.20933 
0.20933 
0.20933 
0.20933 
0.20933 
0.20933 
0.16747 
0.25120 


So 
1;  « 

*!• 


a 
O 


9^ 


I 

it 


> 

a 
••• 

o 


o 


•o 


Gram. 

0.29736 
0.30062 
0.29690 
0.29501 
0.29527 
0.29540 
0.23796 
0.35658 


cc. 

5 
5 
5 
5 
5 
5 
4 
6 


>         5  X 

Min-      Per         Per 

ttte^.    cent.  ceot. 

15     70  39  29.61 

15    69.63  30.37  MOjOi., 

30     70.50  29.50      , 

70.95  29.05 

70.89  29. 1 1 

70.86  29.14 

70.37  29.63 

70.44  29.56 


30 
60 
60 
60 
60 


Mean    70.48    29.52  Mo,0} 
70.59     29.41 


0.1 I      0.1 I 


r.o 

20  0.25671 

20  0.25671 

30  0.38506 

30  0.38506 

25  0.32089 

25  0.32089 

35  0.44925 

35  0.44925 

20  0.25671 

20  0.25671 

20  0.25671 

30  0.38506 

30  0.38506 

30  0.38506 

20  0.25671 

20  0.25671 


cc.  solution  —  0.012836  gram  molybdenum  trioxide. 


24.2  0.01579  0.17114  0.24092 

24.2  0.01579  0.1 71 14  0.24092 
30.1  0.01963  0.25671  0.36543 
35.1  0.02289  0.25671  0.36217 

31.4  0.02048  0.21293  0.30041 
35.6  0.02322  0.21293  0.29767 
44.$  0.02903  0.29950  0.42022 

50.3  003281  0.29950  0.41644 
25.8  0.01683  o.  171 14  0.23988 

26.5  0.01728  0.17114  0.23942 
27.0  0.01761  0.1 71 14  0.23900 

43.0  0.02805  0.25671  0.35701 
38.3  0.02498  0.25671  0.36008 

40.1  0.02616  0.25671  0.35090 
29.1  0.0189S  o.  171 14  0.23773 
32.3  0.02107  0.17114  0.23564 


4 
8 

^^^ 

6 

— 

10 

— 

6 

35 

10 
8 

35 

37 

10 

40 

4 
8 
8 

45 
45 
45 

10 
10 

75 
60 

10 

60 

10 

60 

10 

75 

Mean 


25  0.32089  26.5  0.01729  0.21293  0.30360 

25  0.32089  33.8  0.02205  0.21293  0.29884 

25  0.32089  28.5  0.01859  0.21293  0.30230 

25  0.32089  27.2  0.01742  0.21293  0.30315 


10 

lo 

6 

6 


60 
60 
60 
60 


Mean 


1.07 
1.07 
0.25 
0.89 
0.87 

1.53 
1.27 

1.91 
1.34 
1.49 
1.58 

1-95 
1.29 

1.25 

1.94 
2.62 


1-39 
0.59 


28.93 

28.93 
29.25 

29.11 

29.13 
28.47 

28.73 
28.09 

28.66 

28.51 

28.42 

28.05 

28.71 

28.75 
28.06 

2738  Mo,04.5, 

28.61 
29.41 


0.80  0.80 

0.35  29.65 

1.25  28.75 

0.43  29.57 

0.23  29.77 


0.56    29.44  MojOj 
0.59    29.41 


0.03      0.03 
MO1O5  requires  theoretically    70.59    29.41 
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In  carrying  out  the  determinations  a  measured  quantity  of  the 
molybdic  acid  solution  was  introduced  into  an  Erlenmeyer  flask. 
This  was  followed  with  a  definite  volume  of  hypophosphorons 
acid  of  known  strength.  The  mixture  was  then  diluted  to  150 
cc.  with  water,  and  boiled  on  a  stove  plate  for  a  definite  period. 
After  this  the  solution  was  chilled  and  immediately  titrated  with 
the  permanganate  solution. 

An  examination  of  the  results  warrants  the  conclusion  that 
hypophosphorons  acid  reduces  molybdic  acid  to  the  pentoxide 
(Mo,OJ,  and  further  that  the  method  can  not  be  regarded  as 
applicable  for  trustworthy  quantitative  determinations  of  molyb- 
denum. 

UN IVBRSITY  OP  FBNlfSTLVANXA. 


ON  THE  CONSTITUTION  OF  BARYTOCELESTITES.' 

By  C.  W.  Vols  by. 
ReceiTcd  January  5, 1899. 

ON  a  former  occasion*  I  presented  the  result  of  analytical 
work  and  investigations  on  barium  and  strontium 
minerals  occurring  in  the  crystalline  limestone  of  Eastern 
Ontario.  I  now  have  the  honor  to  report  on  the  analysis  of  a 
fourth  species  of  these  minerals  from  the  same  locality. 

In  the  previous  report,  I  have  described  the  analytical 
methods.  The  principal  interest  may  be  found  in  the  deduc- 
tions and  conclusions  which  follow  the  chemical  work. 

To  judge  from  current  literature,  opinions  seem  to  be  uncer- 
tain as  to  the  composition  or  existence  of  barytocelestites.  Ram- 
melsberg'  states  that  Thomson's  barytocelestites  from  the  Lake 
Huron  district  was  found  by  Professor  Hunt  to  be  free  from  barium. 
Dana,  in  his  system,^  is  of  the  same  opinion,  and  in  the  sixth 
edition^  mentions  merely  the  analyses,  showing  celestites  with 
varying  amounts  of  barium  sulphate. 

The  celestite  from  Lansdowne,  Eastern  Ontario,  reported  from 
my  analysis  in  1891  as  containing  over  three  per  cent,  of 
barium  sulphate,  was  likewise  found  by  the  analyst  of  the  Cana- 
dian Geological  Survey  to  be  pure  strontium  sulphate,  with  only 

1  Read  At  the  New  York  meeting  of  the  American  Chemical  Society,  December  a8. 1898. 

3  This  Journal,  13,  390  {1891). 

>  Rammelsberg,  Mineralchemie,  ad  edition,  p.  355. 

4  Dana's  System,  V,  p.  6ao. 
ft  Dana's  System.  VI,  p.  906. 
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a  trace  of  barium  sulphate.'  This  is  the  same  mineral  which  had 
been  formerly'  noted  by  Professor  Hunt  as  barite. 

So  far,  then,  although  various  mixtures  of  barium  sulphate 
and  strontium  sulphate  have  been  mentioned  as  existing  in 
minerals,  we  know  of  no  definite  occurrence  of  minerals  consti- 
tuted of  these  two  sulphates. 

The  mineral,  which  I  now  place  before  you,  gave  on  analysis 
the  following  results  : 

Per  cent. 

BaSOf  30.850 

SrS04 70.010 

Al,Oa 000s 

CaO 

MgO • • 

iif O  •••••••••••.•••••.••.•••.•.•••• •... 

100.865 

It  occurs  also  in  the  Silurian  crystallized  limestones  of  Eas- 
tern Ontario,  and  is  usually  mentioned  as  fibrous,  radiated 
celestite. 

The  mineral,  reported  upon  previously,  consisted  practically  of 

BaSOf 39 .  850 

SrSO* 58.200 

98.050 
Their  constitution  may  be  thus  represented : 

Calculated.  Pound. 

BaSOt 39.026  39*850 

(SrSO«), 60.974  58.200 

100.00  98.050 

Calculated.  Pound. 

BaSO« 29.67  30.S50 

(SrSO«)s 70.24  70010 

100.00  100.360 

The  sulphuric  acid  of  these  minerals  determined  from  the  alk^;.- 
line  sulphates  gave  the  following  results : 

Barium  aulphate.  Barium  sulphate. 

I.  II. 

I.179  1.203 

I.186  1. 198 

0.163  I.20Z 

>  Report  of  the  Geological  Survey  of  Canada  {1894-) 

>  Report  of  the  Geological  Survey  of  Canada  (t86j'i867.) 
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or  an  average  of  1.176  and  1.201,  which  makes  the  percentage 
of  sulphur  triozide  in  either  as  follows : 

1 40.03  40.377 

II 40.89  41.23 

Prom  these  data,  the  constitution  of  these  two  minerals  may 
be  expressed  as 

I.  (BaSr,)(SO,),.     II.  (BaSr,)(SOJ,. 

The  four  minerals  collected  from  the  above-named  districts, 
have  the  following  specific  gravities : 

8p.  gr. 

Barite 4.3989 

Celestite 4.410 

Barytocelestite,  I 4.188 

II 4.123 

The  celestite  and  the  two  barytocelestites  afford  well-defined 
and  distinct  crystals.  As  they  differ  more  or  less  from  each 
other,  although  both  of  orthorhombic  crystallization,  the  differ- 
ences in  crystallization  may  lead  to  some  conclusion  as  to  the 
influences,  which  different  equivalent  proportions  of  the  strontium 
sulphate  may  have  upon  their  isomorphous  relation  to  each 
other.  I  hope  to  be  enabled  to  lay  these  crystallographic  rela- 
tions before  you  at  an  early  date,  and  thus  conclude  this  investi- 
gation. 

Nbw  Yokk,  December  17, 1898. 

NOTES. 

The  DeterminaHon  of  Arsenic  in  Glycerine. — Mr.  G.  E.  Barton 
has  called  my  attention  to  the  fact  that  in  my  outline  of  his 
paper  on  this  subject,  I  quoted  only  one  of  the  methods  used  by 
him,  and  neglected  *'  to  state  that  a  direct  addition  of  the  glycer- 
ine (without  charring)  to  the  reduction  flask  was  finally  used 
as  more  accurate.*'  Mr.  Barton  considers  that  this  should  be 
accepted  as  his  method.  A.  C.  Langmuir. 

Corrections  in  BaumS^s  Hydrometer  Tables, — I  am  advised  by 
Mr.  G.  E.  Barton  of  three  errors  in  the  hydrometer  tables 
printed  in  the  March  number.  On  page  127  at  28.6**  read  *o.8827' 
instead  of  *o.882i',  and  at  36.3"  read  *o.84i9'  instead  of  '0.8418'; 
on  page  132  at  75. o**  read  *o.6829'  instead  of  *o.683o'.  Mr.  Barton 
also  states  that  he  has  checked  all  the  figures  except  those  for 
the  eighths  of  degrees  ;  this  fact  will  doubtless  add  to  the  con- 
fidence in  the  accuracy  of  the  tables.  Sidney  S.  Emery. 


Vol..  XXI.  [May.  1899.]  No.  5. 


THE  JOURNAL 


OF  THE 


AMERICAN  CHEMICAL  SOCIETY. 


[Contribution  prom  the  Chemicai*  Laboratory  of  Wesleyan  Uni- 
versity. ] 

THE  USE  OF  COMPRESSED  OXYGEN   IN  ELEflENTARY 

ORGANIC  ANALYSIS  AND  OF  SODA-LIME  IN 

THE  QUANTITATIVE  DETERillNA- 

TION  OF  CARBON  DIOXIDE. 

By  P&ancis  G.  Benedict  and  Olin  P.  Tower. 
Received  October  aa,  1898. 

THE  ordinary  method  of  elementary  organic  analysis  in 
which  use  is  made  of  air  and  oxygen  contained  in  a  gas- 
ometer, suffices  where  but  few  determinations  are  to  be  made. 
The  manipulation  is,  however,  too  lengthy  to  permit  of  rapid 
work,  and  having  occasion  to  make  carbon  and  hydrogen  deter- 
minations in  a  large  number  of  foods  used  in  connection  with 
experiments  with  a  respiration  calorimeter  in  this  laboratory,  it 
was  necessary  to  modify  materially  the  method  so  as  to  increase 
its  rapidity.  The  method  formerly  employed  is  essentially  the 
same  as  that  described  in  most  text-books  on  organic  analysis, 
and  may  be  briefly  outlined  as  follows  : 

Oxygen  obtained  by  heating  a  mixture  of  potassium  chlorate 
and  manganese  dioxide  was  collected  over  water  in  a  Mitscher- 
lich  gasometer.     It  was  then  freed  from  carbon  dioxide,  and  dried 
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as  11  entered  the  combustion  tube.  The  substance  was  burned  in 
the  usual  manner  in  a  tube  filled  with  granular  copper  oxide. 
The  resulting  water  was  collected  in  a  tube  containing  glass 
wool  drenched  with  sulphuric  acid,  and  the  carbon  dioxide  was 
absorbed  in  a  potash  bulb,  which  was  followed  by  a  small  sal- 
phuric-acid  tube  to  collect  the  water  coming  over  from  the 
potash  solution.  On  the  end  of  a  series  of  absorption  tubes,  a 
small  U'tube  was  placed  containing  fused  calcium  chloride  to 
absorb  the  moisture  of  the  air  in  case  of  back  suction.  After 
the  substance  was  completely  burned  and  oxygen  had.  been 
passed  through,  the  tube  was  swept  out  with  a  current  of  air  to 
remove  all  oxygen  from  the  system. 

There  are  several  disadvantages  in  obtaining  oxygen  by  the 
above  method.  The  time  consumed  in  generating  and  collect- 
ing the  gas  is  considerable.  Impurities  present  in  manganese 
dioxide  cause  the  formation  of  some  carbon  dioxide,  which 
mixes  with  the  oxygen  and  necessitates  special  care  in  purify- 
ing the  gas  before  use.  The  oxygen  standing  in  the  gasome- 
ter over  water  becomes  saturated  with  aqueous  vapor.  In  or- 
der to  remove  all  traces  of  carbon  dioxide  and  water  vapor  it 
is  necessar}^  to  pass  the  oxygen  through  the  purifying  appa- 
ratus very  slowly.  Furthermore,  owing  to  the  large  quantities 
of  these  impurities  present,  the  materials  used  in  purification, 
/.  ^.,  potassium  h3'droxide  and  sulphuric  acid  respectively,  re- 
quire frequent  replenishing. 

The  use  of  Pepys  or  Mitscherlich  gasometers  for  holding 
oxygen  is  an  almost  universal  practice.  These  gasometers,  if 
constructed  of  metal,  soon  leak  owing  to  the  attacks  of  acid 
fumes  and  vapors  always  present  in  a  laboratory,  and  are  con- 
stantly needing  repairs.  Glass  gasometers  do  away  with  the 
large  mass  of  metal,  but  rely  on  metallic  pipes,  cocks  and  connec- 
tions to  receive  and  deliver  the  gas.  These  connections  are 
equally  liable  to  the  attack  of  acid,  resulting  in  leakage  and 
consequent  loss  of  gas.  The  kagile  nature  of  such  gasometers 
and  the  necessity  for  transportation  to  the  sink  when  being  filled, 
make  their  handling  difficult.  Finally,  the  original  cost  of  such 
an  apparatus  is  not  inconsiderable. 

To  overcome  these  disadvantages  use  is  made  of  compressed 
oxygen  in  steel  cylinders.     Progress  in  the  compressed  air 
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industry  has  reached  such  a  point  that  it  is  comparatively  easy 
to  secure  a  strong,  thoroughly  well-tested  cylinder  of  highly 
compressed  oxygen.  These  cylinders  are  made  in  all  sizes,  con- 
taining from  a  few  gallons  to  loo  cubic  feet  of  oxygen.  For 
the  laboratory,  a  cylinder  containing  ten  cubic  feet  or  seventy- 
five  gallons  is  of  convenient  size.  The  oxygen  thus  compressed 
is  of  a  high  degree  of  purity.  Formerly  hydrocarbons  were 
used  to  lubricate  the  machinery  for  compressing  the  gas,  thereby 
causing  contamination  of  the  oxygen  with  volatile  hydrocarbons, 
which  introduced  serious  errors  when  the  gas  was  used  in  ele- 
mentary analysis.  Manufacturers  have,  however,  replaced  the 
lubricating  oils  with  graphite,  thereby  eliminating  the  unde- 
sirable impurities  of  gaseous  hydrocarbons.  In  the  several 
cylinders  of  oxygen  tested  in  this  laboratory,  gaseous  hydro- 
carbons, or  at  least  any  hydrocarbons,  not  completely  absorbed 
by  the  sulphuric  acid  of  the  drying  apparatus  to  be  described 
beyond,  were  never  detected.' 

The  oxygen  in  these  steel  cylinders  is  comparatively  dry  and 
free  from  carbon  dioxide,  so  that  its  purification  is  easy  to  accom- 
plish. The  carbon  dioxide  is  absorbed  by  soda-lime  in  a  small 
U-tube.'  Owing  to  the  small  quantity  of  carbon  dioxide  present, 
one  tube  of  this  sort  will  remove  this  impurity  completely  for 
over  twenty-five  combustions.  The  soda-lime  tube  is  followed 
by  the  drying  apparatus,  consisting  of  a  cylinder  about  twelve 
cm.  high  half  filled  with  concentrated  sulphuric  acid,  through 
which  the  oxygen  bubbles,  thereby  indicating  the  rate  of  flow. 

1  Oxygen  compressed  in  this  form  was  first  used  in  this  laborstory  for  making  com- 
bustions with  an  Atwater-Blakeslee  bomb-calorimeter.  These  bomb-calorimeters  have 
been  introduced  into  several  laboratories,  all  of  which,  consequently,  have  a  supply  of 
compressed  oxygen.  For  those  laboratories  not  possessing  a  cylinder  the  following  is 
appended  :  The  price  of  a  ten-foot  cylinder  is  about  ten  dollars.  The  so-called  "com- 
mercial" oxygen,  which  differs  from  the  "medical"  only  in  so  far  as  it  has  been,  per- 
haps, a  little  less  thoroughly  washed  and  purified,  costs  at  the  rate  of  ten  cents  per  foot; 
<. «.,  one  dollar  per  ten  cubic  feet.  This  amount  is  not  great  compared  with  the  cost  of  an 
ordimiry  Mitscherlich  or  Pepys  gasometer.  Inasmuch  as  the  gasometers  are  used 
almosf  exclusively  to  hold  oxygen,  it  will  be  seen  that  they  are  not  indispensable  to  the 
ordinary  laboratory  supplied  with  a  cylinder  of  oxygen.  Ten  cubic  feet  will  last  for  a 
(Teat  many  carbon  and  hydrogen  combustions,  while  the  advantage  of  using  a  cylinder 
of  this  gas  in  the  lecture-room  is  obvious. 

The  writers  would  here  express  their  obligations  to  Mr.  A.  K.  Johnston  of  the  S.  8. 
White  Dental  Manufacturing  Company,  Princess  Bay.  N.  Y.,  who  has  furnished  much 
valuable  information. 

*  This  and  all  other  0-tubes  here  mentioned  were  five  inches  long  and  five-eighths 
inch  ontaide  diameter,  as  this  was  found  to  be  the  most  convenient  size. 
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Following  this  is  a  small  ||*^^^  contaiDing  pumice  stone 
drenched  with  sulphuric  acid  to  retain  any  moisture,  which  may 
escape  absorption.  The  cylinder  usually  absorbs  all  the  mois- 
ture, so  that  no  gain  in  weight  of  the  U*tube  is  observed.  When 
the  oxygen  is  run  at  an  abnormally  rapid  rate,  the  y-tube  shows 
a  slight  gain,  as  was  proved  by  an  experiment  in  which  the.U- 
tube  gained  one  and  eight-tenths  milligrams  after  the  oxygen  had 
been  passing  rapidly  through  the  system  for  thirty  minutes. 

Inasmuch  as  the  oxygen  contained  in  the  steel  cylinders  is 
under  great  pressure,  some  method  of  regulating  the  flow  of  gas, 
as  it  enters  the  combustion  tube,  must  be  devised.  The  expen- 
sive precision  and  reduction  valves  used  ordinarily  with  these 
cylinders  can  be  replaced  by  the  following  simple  arrangement : 
A  rubber  tube  leading  from  the  cylinder  connects  with  a  T-tube, 
one  end  of  which  dips  one  inch  under  mercury  in  a  small  bottle 
fitted  with  a  rubber  stopper  having  two  holes.  The  second  hole 
is  left  open.  A  rubber  tube  connects  the  other  end  of  the  T-tnbe 
with  the  purifying  apparatus,  which  is  in  turn  connected  by 
rubber  tubing  to  the  combustion  tube.  This  last  rubber  tube  is 
supplied  with  a  pinch-cock.  When  the  valve  on  the  oxygen 
cylinder  is  opened  slightly,  the  gas  will  flow  out,  and  passing 
through  the  driers  produce  a  bubbling  in  the  sulphuric-acid 
cylinders.  As  yet  no  gas  escapes  through  the  mercury.  If 
now,  as  is  often  the  case,  one  wishes  to  regulate  the  flow  of  gas, 
the  pinch-cock  is  closed  until  the  desired  rate  of  flow  is  secured. 
Any  excess  of  gas  now  escapes  through'  the  mercury  trap.  It  is 
always  possible  to  adjust  the  valve  on  the  oxygen  cylinder 
finally,  so  as  to  prevent  any  appreciable  loss  of  oxygen  through 
the  mercury. 

The  furnaces  used  are  of  the  ordinary  Bunsen  pattern,  and  have 
twenty-six  burners.  A  hard  glass  combustion  tube  was  filled  in 
the  usual  manner  with  granular  copper  oxide.  The  oxidized  cop- 
per spirals  used  to  fill  the  entrance  end  of  the  tube  after  introdu- 
cing the  substance  to  be  burned,  were  made  by  winding  moderately 
stout  copper  wire  in  layers  around  a  glass  rod  until  the  desired 
size  was  obtained.  Such  spirals  were  found  to  be  more  durable  than 
those  made  from  copper  gauze.  Red  antimony  rubber  stoppers 
were  found  to  possess  a  marked  superiority  in  withstanding  heat 
over  those  of  ordinary  rubber,  and  they  were,  accordingly,  us^d 
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at  each  end  of  the  combustion  tube.  All  rubber  connections 
were  made  with  ^V^^^^  ^^^  antimony  tubing. 

The  water  formed  during  the  process  of  combustion  was 
absorbed  as  usual  in  a  Volhard  D-tube  containing  glass  wool 
drenched  with  sulphuric  acid.  The  absorption  of  the  carbon 
dioxide  was  effected  by  passing  the  gas  after  leaving  the  sul- 
phuric acid  (l-tube  through  a  (l-tube  filled  with  specially  pre- 
pared soda-lime,  followed  by  a  similar  ({-tube  containing,  in  one 
limb,  soda-lime,  and  in  the  other  fused  calcium  chloride.  This 
substitution  of  soda-lime  for  the  usual  absorbent  of  carbon 
dioxide,  i.  ^.,  potassium  hydroxide,  while  by  no  means  new,'  has 
given  such  satisfactory  results  in  our  hands  as  to  warrant  publica- 
tion. 

Repeated  tests  of  a  most  exacting  nature  have  shown  that  soda- 
lime,  prepared  as  described  below,  absorbs  carbon  dioxide 
more  completely  and  rapidly  than  potassium  hydroxide  solution. 
Passing  150  liters  of  air  containing  three  and  five- tenths  grams  of 
carbon  dioxide  through  a  system  of  two  soda-lime  (l-tubes  and  a 
final  check  ({-tube  containing  glass  beads  drenched  with  barium 
hydroxide  solution  gave  no  turbidity  in  the  last  tube.  The  air 
was  aspirated  at  the  rate  of  500  cc.  per  minute.*  In  another 
experiment'  ordinary  air  from  the  room  was  drawn  through  one 
soda-lime  U*t^^^>  followed  by  a  Drechsel  gas-washing  cylinder 
containing  a  strong  barium  hydroxide  solution,  at  the  rate  of 
2100  cc.  per  minute  without  noting  any  turbidity  in  the  barium 
hydroxide  solution.  It  is  needless  to  add  that  these  tests  could 
in  no  way  be  duplicated,  if  potassium  hydroxide  solution  were 
used.  Obviously  then,  so  far  as  the  absorption  of  the  carbon 
dioxide  is  concerned,  there  need  be  practically  no  limit  to  the 
rate  at  which  the  gas  may  be  passed  though  the  soda-lime  tubes. 
As  a  matter  of  fact,  in  this  method  the  rate  of  flow  is  regulated 
solely  by  the  completeness  of  combustion.  In  case  of  back 
suction  there  was  no  liquid  to  look  out  for  as  when  a  potash 
solution  was  used.    To  prevent  atmospheric  moisture  from  being 

>  See  i4nif.  OUm.  (Uebig),  985, 385. 

s  PrelindnaTy  InvcsUgatioos  on  the  Metabolism  of  Nitrogen  and  Carbon  in  the 
Bnman  Organism,  by  W.  O.  Atwater.  C.  1>.  Woods,  and  P.  G.  Benedict.  Bulletin  44, 
Ofice  of  Bxpcriment  Stations,  U.  S.  Department  of  Agriculture,  p.  a8. 

*  This  Journal,  so,  399. 
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absorbed  when  back  suction  occurred,  a  small  sulphuric-acid 
tube  completed  the  series  of  tubes. 

As  dry  air  passes  through  the  carbon  dioxide  absorbent  in  any 
system  of  tubes,  it  carries  with  it  varying  quantities  of  moisture, 
which  must  be  collected  and  weighed  to  secure  the  true  weight 
of  the  absorbed  carbon  dioxide.  Actual  experiments  show  this 
amount  of  water  lost  from  a  soda-lime  tube  during  a  combustion 
to  be  on  the  average  about  one-fourth  of  that  lost  from  an  ordi- 
nary Geissler  potash  bulb.  To  collect  this  water  from  the  soda- 
lime  tube,  one  limb  of  a  second  U'tube  is  filled  with  calcium 
chloride,  while  the  other  is  filled  with  soda-lime.  The  limb 
filled  with  soda-lime  is  connected  with  the  first  U'tube.  Both 
tubes  are  weighed.  In  ordinary  combustions  the  second  tube 
rarely  gains  as  much  as  two  milligrams,  while  a  sulphuric-acid 
tube  following  a  potash  bulb  ordinarily  gains  from  six  to  ten 
milligrams.  To  prove  the  complete  retention  of  water  by  the 
calcium  chloride,  a  sulphuric-acid  (J-tube  was  placed  immediately 
following,  and  weighed  before  and  after  a  combustion,  and  in  no 
case  was  any  gain  in  weight  observed.  An  additional  advantage 
of  this  second  (J-tube  lay  in  the  fact  that  the  first  tube  could  be 
completely  used  up  without  the  fear  that  carbon  dioxide  might 
escape  absorption.  When  the  second  tube  gained  much  more 
than  two  milligrams,  it  was  an  indication  that  the  first  tube  was 
exhausted,  and  it  was  accordingly  replaced  by  a  fresh  tube.  A 
fresh  soda-lime  tube  can  be  used  ordinarily  for  six  combustions 
before  becoming  exhausted,  while  it  is  hardly  safe  to  use  a 
potash  bulb  more  than  twice. 

The  progress  of  the  absorption  of  carbon  dioxide  by  the  soda- 
lime  is  also  indicated  by  a  marked  change  in  color.  The  fresh 
soda-lime  has  a  slightly  yellowish  tinge,  while  the  portion  con- 
verted to  carbonate  is  pure  white.  With  a  potash  solution  no 
such  indication  is  present,  and  one  must  rely  solely  on  the  in- 
crease in  weight  of  the  potash  bulb.  As  the  carbon  dioxide  is 
absorbed  in  one  limb  of  the  tube,  a  very  marked  line  of  advance- 
ment is  noticed  where  the  color  change  occurs.  This  line 
advances  as  the  absorption  proceeds,  and  the  efficiency  of  any 
tube  can  be  immediately  ascertained  by  noting  this  change  in 
color. 

A  not  inconsiderable  item  in  considering  the  relative  merits  of 
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soda-lime  and  potassium  hydroxide  solution  is  the  question  of 
the  expense  of  the  potash  bulbs.  Compared  with  the  (j-tubes 
they  are  very  expensive,  and  their  fragile  nature  is  a  decided 
disadvantage.  Where  a  large  number  of  combustions  are  to  be 
made,  it  has  been  found  advantageous  to  have  a  number  of  these 
soda-lime  ({-tubes  filled  in  advance,  and  fitted  with  one- holed  rub* 
her  stoppers  carrying  small  bent  glass  tubes  plugged  at  the  ends 
with  short  bits  of  rubber  tubing  and  a  piece  of  glass  rod.  These 
tubes  can  be  weighed  to  the  second  decimal  place  and,  when 
wanted,  checked  up  accurately  on  the  balance. 

In  order  to  still  further  shorten  the  time  of  making  a  combus- 
tion, sweeping  out  the  oxygen  with  air  after  combustion  was 
omitted.  As  the  tubes  were  weighed  originally  filled  with  air, 
the  oxygen  filling  them  after  combustion,  should  be  replaced  by 
air.  This  is  accomplished  after  the  tubes  have  been  discon- 
nected in  the  following  manner  :  Air,  purified  by  passing 
through  a  soda-lime  (J-tube  and  a  sulphuric- acid  (J-tube,  is  drawn 
by  gentle  suction  with  the  mouth  through  the  tubes  to  be 
weighed.  These  air-purifying  tubes  are  kept  in  readiness,  so 
that  very  little  time  is  consumed  in  the  process.  If  the  tubes 
were  weighed  filled  with  oxygen,  the  error  would  be  almost 
inappreciable,  since  the  empty  space  in  the  (J-^ubes  is  small, 
particularly  as  compared  with  the  empty  space  in  a  potash  bulb. 
Before  each  weighing,  the  tubes  were  wiped  off  lightly  with  a 
piece  of  cheese-cloth.  Weighings  were  in  each  case  made  with 
a  counterpoise.  The  ease  with  which  a  (|- tube  can  be  wiped, 
as  compared  with  a  potash  bulb,  is  apparent. 

It  was  found  that  time  could  be  saved  by  using  two  furnaces. 
One  person  then  gave  all  his  time  to  watching  the  furnaces, 
while  another  person  made  the  weighings  and  kept  the  tubes 
replenished.  By  thus  utilizing  about  one-third  of  the  time  of  a 
second  man,  an  average  of  two  combustions  an  hour  could  be 
made.  The  furnaces  were  both  connected  with  the  same 
oxygen  cylinder  by  inserting  a  T"tube  just  beyond  the  mercury 
safety  trap  previously  described.  Each  furnace  was  supplied 
with  an  independent  set  of  drying  and  purifying  tubes.  This 
was  necessary  in  order  to  observe  the  rate  of  flow  of  each  current 
of  gas.  To  test  the  efficiency  of  the  apparatus  and  method, 
substances  of  known  composition  and  purity,  i,  ^.,  cane-sugar 


Substance.          Gram. 

Gram. 

Per  ccni 

Cane-sugar*.  0.2000 

03075 

41.94 

"     ..  0.2018 

0.3III 

42.05 

Benzoic  acid  0.2058 

0.5193 

68.83 

"     0.1738 

0.4388 

68.87 
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and  benzoic  acid,  were  analyzed  and  the  results  are  given  in  the 
following  table : 

Amount     Carbon  di-  Carbon  Water  HydrM^ea 

used,    oxide  found.   Pound.       Theor.       found.       Found.  Theor. 

Per  cent.     Gram.     Per  cenL  Per  cent 

42.10  O.I  145  6.41  6.43 

....  O.I  158  6.42  **" 

68.85  0.091 1  4.95  4.92 

■  •••  0.0780  5.02  .... 

The  cane-sugar  was  obtained  as  rock-candy.  This.was  dried, 
powdered,  and  dried  again  until  there  was  no  loss  in  weight. 
The  benzoic  acid  was  a  chemically  pure  preparation  of  the 
market.  It  was  melted  and  recrystallized  twice  before  being 
used.     No  traces  of  moisture  could  then  be  found. 

The  above  results,  fair  samples  of  many  others,  seemed  to 
justify  the  use  of  this  method  for  determining  carbon  and 
hydrogen  in  organic  substances.  As  a  direct  application  of  this 
method,  it  will  suffice  to  say  that  over  eighty  samples  of  foods 
have  been  burned,  and  the  agreement  of  duplicates  is,  to  say  the 
least,  remarkable.  Agreement  as  close  as  0.03  or  0.04  per  cent, 
was  often  obtained.  Obviously  this  agreement  substantiates  in 
no  way  the  absolute  determination  of  carbon  and  hydrogen,  but 
it  does  imply  that  the  method  is  easy  and  regular,  presenting  no 
great  difficulties  in  manipulation. 

One  essential  feature  is  the  soda-lime.  As  ordinarily  prepared 
and  sold  in  the  market,  it  is  a  mixture  of  sodium  and  calcium 
hydroxides  fused  and  granulated.  Its  chief  use  has  been  as  a 
drier  for  gases  and  for  determining  organic  nitrogen.  Such 
soda-lime  has  very  little  absorptive  power  for  carbon  dioxide. 
To  absorb  carbon  dioxide  readily  the  soda-lime  must  be  moist. 
This  moisture  is  best  obtained  by  modifying  the  method  of  prep- 
aration«  One  kilogram  of  commercial  caustic  soda,  ''Green- 
bank  Lye,*'  is  treated  with  500-600  cc.  water  in  an  iron  kettle 
forming  a  strong  solution,  or  more  properly  a  thin  paste.  While 
still  hot,  one  kilogram  of  quicklime,  coarsely  powdered,  is 
rapidly  added,  stirring  constantly  with  an  iron  rod  or  pi^e  of 
gas  pipe.  Th^  lime  is  slaked  by  the  water  of  the  caustic  soda 
solution,  and  soon  the  whole  mass  heats  and  steams  up.  While 
in  this  stage,  it  is  advisable  to  keep  the  mass  stirred  and  the 
lumps  broken  up.     No  outside  heat  is  necessary,  and  as  soon  as 
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cool  the  product  may  be  placed  in  wide-mouthed  bottles,  and 
the  corks  sealed  in  with  paraffin  or  wax.  When  cool,  it  should 
not  be  moist  enough  to  show  water  as  such,  i,  e,y  no  particle 
should  glisten  in  strong  light.  If  too  dry,  a  small  quantity  o{ 
water  can  be  readily  added  after  the  soda-lime  is  made,  though 
the  great  danger  lies  in  adding  too  much  water,  thereby  making 
the  lime  too  pasty  for  the  most  efficient  absorption.  We  have 
made  over  fifty  kilograms  of  such  soda-lime  in  the  past  three 
years,  and  invariably  secure  a  good  product  when  using  the 
above  formula. 

While  moisture  is  essential  in  securing  the  complete  absorp- 
tion of  carbon  dioxide,  the  amount  of  moisture  carried  away 
from  a  soda-lime  ({-tube  by  an  air  current  is,  as  has  before  been 
stated,  much  less  than  that  brought  away  from  a  potash  bulb. 
Assuming  that  the  soda-lime  here  used  is  a  mixture  of  the  hy- 
droxides of  sodium  and  calcium,  and  that  the  normal  carbonates 
are  formed  when  carbon  dioxide  is  absorbed,  we  could  properly 
have  two  equations;  viz.y 

Ca(OH),  +  CO,  =  CaCO.+  H.O, 
2NaOH  +  CO,  =  Na,CO.  +  H,0. 

Thus  one  molecule  of  carbon  dioxide  absorbed  liberates  one 
molecule  of  water  from  the  hydroxides.  Accordingly,  for  every 
gram  of  carbon  dioxide  absorbed  about  four- tenths  gram  of  water 
is  liberated.  In  actual  experimenting,  however,  but  a  very 
small  portion  of  this  water  leaves  the  soda-lime  (J-tube.  In  one 
tube  2.7467  grams  of  carbon  dioxide  were  absorbed  and  only 
0.1378  gram  of  water  left  the  soda-lime  tube.  The  sodium  car- 
bonate formed  appears  to  retain  the  major  portion  of  the  water 
hygroscopically.  While  the  deca-hydrated  sodium  carbonate 
loses  its  water  of  crystallization  readily,  the  anhydrous  salt 
takes  up  water  with  great  avidity,  and  it  is  to  this  that  we  must 
attribute  the  retention  of  so  much  water  in  the  doda-lime  tube. 
Were  it  possible  to  form  the  acid  carbonates  of  sodium  and 
calcium  under  these  conditions,  the  water  would  be  retained 
chemically,  and  in  fact  not  liberated.  To  disprove  this  high 
improbability  some  of  the  white  spent  soda-lime  was  heated  in  a 
long  tube  to  low  redness  with  provision  for  absorbing  any 
carbon  dioxide  given  off,  exactly  similar  to  the  absorbing  ap- 
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paratus  used  above  in  the  case  of  combustions.  The  first  soda- 
lime  U-tube  lost  one  and  eight-tenths  milligrams,  while  the  second 
containing  also  calcium  chloride  gained  one  and  six-tenths  mil- 
ligrams, which  shows  that  no  carbon  dioxide  was  driven  out  of 
the  spent  soda-lime.  A  large  amount  of  water  was,  however, 
given  off,  indicating  that  the  white  seemingly  dry  carbonate  had 
really  absorbed  considerable  water  hygroscopically .  The  whiten- 
ing in  a  tube  is  not,  therefore,  due  to  drying  out.  Experiment 
has  also  shown  that  moistening  white,  spent  soda-lime  does  not 
increase  its  absorbent  power  for  carbon  dioxide. 

Soda-lime  prepared  as  outlined  above  is  recommended  as  a 
general  reagent  for  freeing  gases  from  carbon  dioxide,  such  as 
normal  air  in  determining  gas  densities.  As  a  reagent  for  the 
quantitative  determination  of  carbon  dioxide,  both  in  elementary 
organic  analysis  and  in  air  analyses,  it  has  given  excellent  satis- 
faction. The  air  analyses  were  made  in  connection  with  the 
respiration  calorimeter  above  referred  to.  It  appears  to  be  an 
excellent  general  substitute  for  potassium  hydroxide  solution  in 
all  cases  where  the  solid  form  of  reagent  is  not  proscribed. 
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IN  the  development  of  technical  gas  analysis  the  researches  of 
Winkler,  Hempel,  Lunge,  and  others  have  given  us  many 
methods  which  are  both  rapid  and  exact  and  which  yield  results 
quite  as  satisfactory  as  those  obtained  by  the  classical  methods 
of  Bunsen.  But  for  the  determination  of  hydrogen  and  methane 
modern  methods  have  been  found  to  be  far  from  satisfactory. 
The  combustion  of  hydrogen  and  hydrocarbons  by  means  of  cop- 
per oxide  is  no  longer  used  because  of  its  inconvenience.  The 
combustion  of  hydrogen  by  means  of  palladium  asbestos  is  open 
to  the  error  which  may  result  from  the  partial  burning  of  the 
methane  present.  The  fractional  combustion  of  hydrogen  by 
palladium  sponge  and  the  absorption  of  hydrogen  by  palladium 
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black  are  exact,  but  the  palladium  needs  to  be  frequently 
removed  from  the  tube  and  heated,  to  render  it  again  active. 
The  last  three  of  these  methods,  moreover,  leave  the  methane 
still  to  be  determined,  a  detail  which  so  prolongs  the  analysis  as 
to  exclude  the  methods  from  general  adoption. 

It  was  but  natural  that  gas  analysts  should  prefer  to  use  some 
method  by  which  both  hydrogen  and  methane  could  be  simulta- 
neously determined,  and  the  procedure  which  is  now  most  fre- 
quently employed  is  the  Hempel  explosion  method  or  some 
modification  of  it.  In  speed  and  convenience  of  manipulation 
this  method  leaves  little  to  be  desired.  Unfortunately,  however, 
the  results  are  neither  constant  nor  accurate,  first  because  of  the 
smallness  of  the  gas  volume  which  is  exploded,  any  error  being 
thus  multiplied  about  eightfold,  and  second  because  of  the  dan- 
ger of  the  formation  of  oxides  of  nitrogen.  This  last  difficulty  is 
largely  avoided  if  the  determination  is  carried  out  as  Hempel 
directs,  but  in  the  employment  of  an  explosion  pipette  in  which 
the  gases  are  confined  between  two  glass  stop-cocks,  there  is  no 
way  of  judging  of  the  violence  of  the  explosion.  This  is  a  point 
of  considerable  importance,  for  if  the  explosion  is  too  violent  the 
formation  of  oxides  of  nitrogen  is  probable,  while  if  too  weak 
the  combustion  is  liable  to  be  incomplete.  If  the  explosion  is 
made  with  ox3'gen  instead  of  air  the  danger  of  formation  of 
oxides  of  nitrogen  from  the  nitrogen  originally  present  in  the 
gas  mixture  is  increased'  and  the  violence  of  the  explosion 
becomes  so  great  that  Gill,  who  recommends  this  procedure, 
divides  the  explosion  into  two  parts,  using  half  of  the  required 
oxygen  in  each. 

It  seemed  necessary,  therefore,  in  seeking  to  improve  the  pro- 
cedure for  the  determination  of  hydrbgen  and  methane,  to  devise 
some  method  which  would  permit  of  the  use  of  large  volumes  of 
gas  and  would  so  diminish  the  violence  of  the  union  of  oxygen 
and  the  combustible  gases  as  to  reduce  to  a  minimum  the  possi- 
bility of  injury  to  the  operator,  and  the  probability  of  the  forma- 
tion of  oxides  of  nitrogen.  It  was  apparent  that  to  attain  these 
ends  it  would  be  necessary  to  abandon  the  method  of  explosion 
and  to  replace  it  by  some  form  of  slow  combustion.     The  gris- 

1  Sec  the  researches  of  Bumen  and  Hempel  upon  this  point. 
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oumeter  devised  by  Winkler  seemed  to  be  an  apparatus  which 
might  be  adapted  to  this  purpose  provided  that  it  were  found 
possible  to  attain  complete  combustion  without  mixing  the  com- 
bustible gases  and  the  oxygen  before^  their  introduction  into  the 
grisoumeter.     This  proved  to  be  feasible. 

The  determination  of  carbon*  monoxide  by  absorption  with 
cuprous  chloride  offers  many  difficulties.  The  absorbent  is 
somewhat  difficult  to  prepare  and  keep,  and  the  absorption  can 
be  completed  in  a  reasonable  time  only  by  using  two  solutions 
of  cuprous  chloride  and  bringing  the  gas  and  the  reagent  into 
intimate  contact  by  vigorous  shaking.'  Vignon^  and  later 
Noyes  and  Shepard^  have  avoided  this  absorption  of  carbon  mon- 
oxide by  exploding  the  gas  simultaneously  with  the  hydrogen 
and  methane  and  then  determining  the  contraction,  the  volume 
of  carbon  dioxide  formed,  and  the  oxygen  consumed  in  the 
explosion.  As  will  be  seen  below  this  procedure  can  also  be 
carried  out  with  satisfactory  results  by  means  of  the  combustion 
method  which  is  here  described. 

The  apparatus  used  for  the  combustion  of  the  various  gases  is 
quite  similar  to  the  **  grisoumeter*'  described  by  Winkler^  and 
was  made  from  a  Hempel  simple  gas  pipette  for  solid  and  liquid 
reagents*  by  cutting  off  the  upper  bulb  and  attaching  in  its  place, 
by  means  of  a  rubber  tube,  a  level  bulb  like  that  used  by  Hem- 
pel  in  his  explosion  pipette.^  Through  the  opening  of  the  sin- 
gle-hole rubber  stopper  a  there  passes  a  glass  tube  h  which  is 
open  at  both  ends  and  contains  an  iron  wire  c  three  mm.  in 
diameter.  Another  iron  wire  m  of  about  one  and  five-tenths 
mm.  diameter  is  pushed  through  the  stopper  and  is  then  wonnd 
several  times  around  the  glass  tube  and  cut  off  at  the  same 
height  as  the  larger  wire.  This  arrangement  of  the  conducting 
wires  is  preferable  to  that  suggested  by  Winkler,  since  the  rela- 
tive positions  of  the  wires  remain  unchanged   when  the  stopper 

1  Mixing  the  oxygen  and  combustible  gases  before  passing  them  into  the  grisoameter 
was  not  attempted,  for  the  combustion  has  been  known  to  pass  back  through  the  cspU- 
lary  and  explode  the  main  mixture  with  moat  deplorable  results. 

s  See  Dennis  and  Edgar :  This  Journal,  19, 859. 

•  BmU,  Soc.  Ckim,^  1897,  p.  fltja. 

•  This  JouaRAi.,  so«  343. 

•  Ztaekr, «««/.  OUot.,  st,  aB8 ;  Hempel :  Methods  of  Gas  Analysis,  p.  J36. 

•  Hempel :  Methods  of  Gas  Analysis,  p.  33*  PiS>  *x.  ^- 
t  /Mt.  p.  loj.  Fig.  44. 
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is  pnshed  into  place  and,  as  will  be  seen  later*  the  nse  of  a 
cement  of  any  sort  is  avoided.  The  upper  ends  of  the  iron 
wires  are  connected  by  a  platinum  spiral  d,  contact  between  the 
platinam  and  iron  being  effected  by  simply  wrapping  the  plat- 
inum wire  several  times  around  the  iron  wires.  The  platinum 
wire  is  one-fourth  mm.  in  diameter  and  the  coil  into  which  it  is 
bent  is  abont  two  mm.  in  diameter  and  contains  from  twenty 
to  thirty  turns.  After  the  spiral  has  been  attached  to  the  iron 
wires  it  is  bent  into  the  form  of  a  horizontal  S.     Below  the  rub- 


ber stopper  the  smaller  iron  wire  is  fastened  directly  to  the 
double  binding-post  P.  The  opening  between  the  large  iron 
wire  and  the  tube  through  which  it  passes  is  closed  air-tight  by 
means  of  a  piece  of  small  rubber  tubing  carefully  wired  in  place. 
The  lower  end  of  the  iron  wire  is  connected,  by  means  of  a 
binding-screw  e  and  a  piece  of  suitable  wire,  to  the  second  bind- 
ing-post P,:  Both  binding-posts  P,  and  P,  should  be  insulated 
from  the  iron  stand. 

After  the  rubber  stopper  carrying  the  spiral  has  been  inserted 
in  place  and  the  iron  wires  have  been  connected  with  the 
binding-posts,  the  pipette  and  capillary  are  filled  with  mercury 
by  raising  the  level-bulb,  the  pinch-cock  ^  on  the  rubber  tube 
on  the  cfapillary  is  closed,  and  suction  is  applied  to  the  tube  /of 
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the  level-buIb  by  means  of  a  water  suction-pump.  The  aircon- 
taiaed  in  the  glass  tube  b  is  thus  removed  and  the  tube  remains 
completely  filled  with  mercury. 

The  gas  volumes  were  measured  in  a  simple  Hempel  burette' 
provided  with  a  water-jacket  (see  Fig.  2).  Mercury  was  used  as 
the  coDfiuiDg  liquid  and  a  drop  oi  water  was  introduced  into  the 


burette  to  insure  the  complete  saturation  of  the  gases  with  mois- 
ture. 

The  method  of  procedure  which  was  finally  adopted  for  the 
combustion  of  the  gases  is  as  follows  : 

The  combustion  pipette  is  first  completely  filled  with  mercnty 
hy  raising  the  level-bulb,  and  a  measured  quantity  of  the  gas  to 
be  burned  is  then  introduced.  A  quantity  of  oxygen  more  than 
sufficient  to  completely  burn  the  gas  is  drawn  into  the  gas  burette 
and  its  volume  noted.  The  burette  is  then  connected  with  the 
pipette  by  the  usual  beat  capillary  tut>e  (see  Fig.  2)  and  the 
level-bulb  of  the  pipette  and  the  level-tube  of  the  burette  are 
placed  at  such  heights  that  the  gases  in  both  pipette  and  burette 
are  approximately  under  atmospheric  pressure.  A  screw  pinch- 
cock  k  which  has  previously  been  placed  upon  the  rubber  tube 
joining  the  burette  with  its  level-tube  is  now  tightly  screwed 
down  so  as  to  prevent,  for  the  present,  any  movement  of  the  mer- 

I  Hcmpel :  Method*  of  G(*  Aoalyii*.  p  ».  Pie.  17. 
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cury  in  the  burette.  The  level-tube  is  now  placed  at  such  a 
height  that  when  the  screw  pinch-cock  k  is  opened  the  mercury 
will  rise  to  the  top  of  the  burette  but  will  not  pass  over  into  the 
pipette.  The  pinch-cocks  0,0  on  the  connections  between  the 
burette  and  pipette  are  now  opened  and  the  electric  current^ 
which  should  be  just  strong  enough  to  maintain  the  spiral  at  a 
red  heat,  is  turned  on.  Any  electrical  apparatus  furnishing  a 
current  of  sufficient  strength  to  heat  the  platinum  spiral  to  red- 
ness may,  of  course,  be  employed.  If  the  current  from  a  dynamo 
or  storage  battery  is  at  the  operator's  disposal,  the  arrangement 
shown  in  Fig.  2.  can  be  recommended  as  being  both  simple  and 
convenient.  The  current  is  passed  through  the  resistance  frame 
F.  (We  have  used  a  small  frame  carrying  German  silver  wire 
about  one  and  five-tenths  mm.  in  diameter.)  The  terminals  on 
the  combustion  pipette  are  connected  with  the  frame  by  means 
of  the  flexible  wires  V  and  W,  the  ends  of  these  wires  being 
simply  hooked  into  the  coiled  wire  of  the  frame.  The  current 
passing  through  the  platinum  spiral  can  then  be  varied  at  will 
by  simply  hooking  the  end  of  Winio  the  resistance  coil  at  a 
greater  or  less  distance  from  V. 

When  the  spiral  has  been  brought  to  the  proper  temperature 
the  screw  pinch-cock  k  is  carefully  opened  and  a  slow  and  steady 
current  of  oxygen  is  passed  over  into  the  pipette.  From  ten  to 
twenty  cc.  of  oxygen  per  minute  may  be  introduced,  but  the 
amount  is,  of  course,  somewhat  dependent  upon  the  length  and 
temperature  of  the  spiral.  The  combustion  takes  place  quietly 
without  the  appearance  of  a  flame  and  if  the  operation  is  properly 
conducted  there  is  no  possibility  of  an  explosion  since  the  com- 
bustible gas  and  the  oxygen  are  in  separate  vesseL  and  are  made 
to  combine  as  fast  as  they  mix.  Nevertheless  a  screen  of  heavy 
glass  is  always  placed  between  the  pipette  and  the  operator  to 
insure  protection  for  the  face  in  case  of  possible  accident.*  After 
the  oxygen  has  been  passed  into  the  pipette,  the  spiral  is  kept 
at  a  red  heat  for  about  one  minute  to  insure  complete  combus- 
tion of  the  gas.  When,  however,  hydrogen  alone  is  being 
burned,  the  combustion  is  complete  almost  as  soon  as  sufficient 
oxygen  has  been  introduced.     When  the  combustion  is  finished 

iThia  precaution  is  invariably  taken  in  this  laboratory  in  all  combustion  or  ezplo- 
nan  analyses  of  gas  mixtures. 
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the  residual  gas  is  passed  back  into  the  burette  and  measured. 

The  volume  of  gas  which  may  be  taken  for  the  combustion  is 
limited  only  by  the  capacity  of  the  measuring  burette,  but  for 
convenience  in  handling  neither  the  combustible  gas,  the  oxygen 
required,  nor  the  residue  after  combustion  is  allowed  to  exceed 
lOO  cc.  The  volume  of  gas  in  the  pipette  at  any  time  during 
the  combustion  should  be  su£Eicient  to  prevent  the  mercury  from 
rising  and  covering  the  spiral,  or  short-circuiting  the  current. 
This  would  take  place  if  pure  hydrogen  were  burned  by  adding 
pure  oxygen,  but  the  difficulty  in  this  case  is  avoided  by  intro- 
ducing into  the  loo  cc.  of  hydrogen  about  95  cc.  of  a  mixture  of 
equal  parts  of  oxygen  and  air. 

In  the  following  tables  are  given  the  results  obtained  with 
this  apparatus  in  the  determination  of  hydrogen  and  carbon 
monoxide  and  in  the  analysis  of  the  residue  of  illuminating  gas 
both  before  and  after  the  removal  by  absorption  of  carbon  mon- 
oxide. No  corrections  were  made  for  the  slight  changes  in  tem- 
perature and  barometric  pressure  which  may  have  taken  place 
during  the  progress  of  any  one  determination. 

HYDROGEN. 

The  hydrogen  was  made  by  allowing  hydrochloric  acid  to  act 
upon  zinc* ,  the  vapors  of  the  acid  being  removed  by  shaking 
the  gas  with  a  strong  solution  of  potassium  hydroxide. 

I.        II..       III.        IV.  V.        VI.       VII.        VIII.     ix.a      a 

cc.        cc.  cc.  cc.  cc.        cc.         cc.  cc.         cc.         i 

Hydrogen  taken..    99.6  loo.o  98.6  99.S  99.4    95.35    97.5  51.15    35.0  3/ 

Oxygen  and  air  ad- 
ded       99.6  99.95  99.9  icx).o  99.1    96.6      99.75  48.95  loo-o  '^ 

Total 199.2  199.95  198-5  199-8  198.5  191.95  197-25  100.10  135.0  i^ 

Residue  after  com- 
bustion      50.0  50.1  50.8  50.55  49-7    49-1      512  23.4      82.65  S 

Contraction 149.2  149.85  147-7  149-25  148.8  142.85  146.05  76.7      52.35  $ 

Equivalent  to  hy- 
drogen      99-47  99-9  98-47  99-5  99-3    95-23    97-37  5i-i3     349  3 

Per  ct.  Per  ct.  Per  ct  Per  ct.  Per  ct.  Per  ct.  Per  cL  Per  ct.    Per  ct.  Pf 

Hydrogen  found .     99.9      99-0      99-9      99*7      99*9    99-9      99-9    100.0       99.7     g 

CARBON  MONOXIDE. 

This  was  prepared  by  heating  together  oxalic  and  sulphuric 

I  Cf.  Cooke  and  Richards  :  Am.  Chem.J.,  ii88S),  xo,  loo. 

S  In  IX  and  X  air  alone  was  added,  and  smaller  amounts  of  hydrogen  were  taken. 
The  results  are  fairly  good  but  are  not  as  satisfactory  as  those  obtained  with  oxygen 
and  air. 
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acids  and  removicg  the  carbon  dioxide  with  potassium  hydrox- 
ide. Duplicate  volumetric  analyses  by  absorption  with  cuprous 
chloride  showed  the  gas  to  be  99.7  per  cent.  pure. 

The  oxygen  which  was  used  in  these  and  the  other  combus- 
tions was  made  from  potassium  chlorate  and  manganese  dioxide 
and  was  purified  by  being  shaken  with  a  solution  of  potassium 
hydroxide.  Absorption  by  alkaline  pyrogallol  showed  it  to  be 
very  nearly  pure,  99.9  per  cent. 

Two  volumes  of  carbon  monoxide  unite  with  one  volume  of 
oxygen  to  form  two  volumes  of  carbon  dioxide.  Hence  the  vol- 
ume of  the  carbon  monoxide  taken  is  equal  either  to  the  volume 
of  carbon  dioxide  which  is  formed,  or  to  twice  the  contraction 
resulting  from  the  combustion.  In  the  following  tabulation  of 
results  the  percentages  of  carbon  monoxide  obtained  in  both  ways 
are  given.  There  are  also  added  the  percentage  results  calcula- 
ted on  the  assumption  that  the  gas  contained  only  99.7  percent, 
of  carbon  monoxide  as  indicated  by  the  absorption  with  cuprous 
chloride. 

I.  II.  III.         IV.  V.  VI.  VII.        VIII. 

cc.        cc.         cc.         cc.         cc.         cc.  cc.  cc. 

tbon  monoxide  taken 73.1    60.7  S2.1    80.95  7^*^      77*95    d3*<>5    79-^ 

ygenUken 50.7    49.65  52.2    49.8  50.55  50.8      52.4      50,4 

Toul 123.8  110.35  134.3  130.75  128.65  128.75  »35-45  1^9-4 

lidae  after  combustion 87.4    80.1  93.3    90.4  89.65  89.8      93495  89.95 

itnurtion 36.4    30.25  41.0    40.35  39.0  38.95    41.50    39.45 

tfdne  after  absorbing  CO,  in 

(OH  pipette 14.5     19.5      11.5      9-6  11.7      12.05    11-05    11-25 

Inn  dioxide  72.9    60.6  81.8    80.8  77.95  77.75    82.90  78.70 

Per  ct.  Per  ct.  Per  ct.  Per  ct  Per  ct.  Per  ct.   Per  cL  Per  ct. 

I  calculated  from  contraction    99.6    99.7  99.9    99.7  99.9  99.9      99.9  99.9 

,calcalated  from  CO,  formed     99.7    99.8      99.6    99.8  99.8      99.7      99.8      99.6 
,  from  contraction,  assuming 

IS  to  be  99.7  per  cent,  pure  •  •     99.9  loo.o  100.2  loo.o  100.2  100.2    100.2  100.2 
i  from  CDs,   assuming  gas  to 

199.7  per  cent,  pure  • loo.o  loo.i  99.9  100.  i  100.  i  loo.O    100.  i  99.9 

METHANE. 

Methane  was  first  prepared  from  zinc  dust  and  chloroform  in 
aqueons  alcohol,  as  proposed  by  Sabanejeff'  and  recommended 
by  Phillips.'    The  product  was,  however,  very  unsatisfactory  as 

1  Str.  d.  dUm.  Ces.^  9,  x8io. 
tAm.  Chem . y.,  x6, 172. 
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it  contained  not  only  vapors  of  alcohol  and  chloroform  but  also 
a  considerable  amount  of  hydrogen.  Methane  was  then  made 
from  sodium  acetate  and  soda-lime  and  the  hydrogen  which  is 
simultaneously  formed  was  removed  by  passing  the  gas  over  pal- 
ladium black.  Four  determinations,  by  this  method,  of  the 
hydrogen  present  gave  the  following  results  : 

I.  11.  III.  IV. 

cc.  cc.  cc.  cc 

Gas  taken 99.2        loo.o        99*55       99*3 

Residue  after  passage  over  palladium  black  92.75  93.5  93.0  92.8 
Hydrogen 6.45  6.5  6.55         6.4 

Per  cent.    Per  cent.  Per  cent.  Per  ct 
Hydrogen 6.5  6.5  6.6  6.5 

It  was  to  be  expected  that  the  residue  from  the  hydrogen 
determinations  would  be  pure  methane,  but  when  40.75  cc.  of 
this  gas  was  burned  with  oxygen  in  the  combustion  pipette  the 
contraction  amounted  to  81.65  cc.  and  42.5  cc.  of  carbon  dioxide 
was  formed,  thus  plainly  indicating  the  presence  of  a  gas  or 
vapor  with  more  than  one  carbon  atom  in  the  molecule.  The 
gas  was  therefore  not  of  sufficient  purity  to  give  trustworthy 
data  concerning  the  accuracy  of  the  combustion  method  when 
used  for  methane  alone,  and  unfortunately  there  was  not  suffi- 
cient time  at  our  disposal  to  permit  of  further  experiments  upon 
the  preparation  of  pure  methane.  In  order,  however,  to  obtain, 
in  an  indirect  way  at  least,  some  idea  as  to  the  accuracy  of  the 
method  in  the  determination  of  methane,  a  series  of  combustions 
was  made  of  the  residue  from  illuminating  gas  after  the  removal 
of  the  absorbable  gases. 

SIMULTANEOUS  COMBUSTION  AND  DETERMINATION  OF 

HYDROGEN  AND  METHANE. 

Illuminating  gas  was  passed  into  fuming  sulphuric  acid  to 
remove  hydrocarbon  vapors  and  heavy  hydrocarbons,  then 
shaken  with  alkaline  pyrogallol  to  remove  oxygen,  carbon  diox- 
ide, and  the  fumes  of  the  sulphuric  acid,  and  finally  shaken  first 
with  old  and  then  with  fresh  cuprous  chloride  to  remove  carbon 
monoxide.  Measured  portions  of  the  residue  which  now  con- 
tained hydrogen,  methane,  and  nitrogen  were  then  introduced 
into  the  combustion  pipette  and  burned  with  oxygen  in  the  man- 
ner described  above. 
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I.  II.  m.  IV.  V. 

cc.               cc.             cc.              cc.  cc. 

Gas  residne  taken 61.4         64.5  67.0  64.0  65.7 

Oxjgeo  taken 98.5         96.55  98.55  97.6  loo.o 

ToUl 159.9  161.0S  165.55  161.6  165.7 

Residue  after  combustion 58.8         54.95  55.3  56.3  57.6 

Contraction loi.i  106.1  110,25  105.3  108.1 

Residue  after  absorbing  CO,  in 

KOH  pipette 34.3          29.15  28.6  30.7  31.4 

Carbon  dioxide  found 24.5          25.80  26.7  25.6  26.2 

Percent.  Percent  Percent  Percent  Percent 

Hydrogen 56.4  56.3  56,6         56.4  56.5 

Methane 39.9  40.0  39.9         40.0  39.9 

Nitrogen  (diff.) 3.7  3.7  3.5            3.6  3.6 

To  obtain  an  idea  of  the  relative  accuracy  and  constancy  in 
the  results  by  the  comhustion  and  explosion  methods  in  the 
bands  of  the  same  operator,  tv^o  analyses  of  the  same  gas  residue 
were  carefully  made  with  the  Hempel  explosion  pipette,  mercury 
being  used  here  also  as  the  confining  liquid. 

I.  II. 

cc.  cc. 

Gaa  residue  taken 12.0  12.35 

Air  added 83.2  8*3.45 

Total 95.2  95.8 

Residne  after  explosion 75.3  75*25 

Contraction 19.9  20.55 

Residne  after  absorbing  CO,  in  KOH  pipette  70.35  70.2 

Carbon  dioxide  found 4.95  5.05 

Per  cent  Per  cent 

Hydrogen 55.3  56.4 

Methane 41.3  40.9 

Nitrogen  (di£F. ) 3.4  2.7 

SIMULTANEpUS  COMBUSTION  AND  DETERMINATION  OP  CAR- 
BON MONOXIDE,  HYDROGEN,  AND  METHANE. 

A  mixture  of  these  gases  together  with  nitrogen  was  obtained 
by  extracting  from  illuminating  gas  by  means  of  the  usual  absorb- 
ents, only  the  hydrocarbon  vapors,  heavy  hydrocarbons,  oxy- 
gen, and  carbon  dioxide.  A  measured  volume  of  the  residue  was 
transferred  to  the  combustion  pipette  and  burned  with  oxygen. 
The  residual  gas  was  then  passed  back  into  the  burette,  meas- 
ured to  ascertain  the  contraction,  and  then  passed  into  the  caus- 
tic potash  pipette  to  absorb  the  carbon  dioxide  and  again  drawn 
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back  and  measured.  In  the  meantime  a  known  volume  of  hydro- 
gen had  been  brought  into  the  combustion  pipette.  This  was 
then  connected  with  the  burette  which  now  contained  nitrogen 
and  the  unconsumed  oxygen,  the  current  was-  turned  on,  and 
the  oxygen  was  passed  over  into  the  hydrogen.  Prom  the  re- 
sulting contraction  the  excess  of  oxygen  was  ascertained  and 
the  difference  between  this  and  the  oxygen  first  taken  gives  the 
amount  of  oxygen  consumed  in  the  combustion  of  the  carbon 
monoxide,  hydrogen,  and  methane. 

Having  thus  ascertained  the  contraction  resulting  from  the 
combustion,  the  volume  of  carbon  dioxide  formed,  and  the 
amount  of  oxygen  consumed,  we  have  all  the  data  necessary  for 
the  calculation  of  the  amounts  of  carbon  monoxide,  hydrogen, 
methane,  and  nitrogen  existing  in  the  original  mixture.  The 
reactions  which  take  place  in  the  combustion  and  the  volume 
changes  due  to  these  reactions  are  the  following  :' 

2CO  +  0,=2C0,. 

a  voU.        I  vol.     a  voU. 

Contraction  in  burning  2  vols.  CO  =  i  vol. 
HeYice  contraction  for  i  vol.  CO  =  |  vol. 

2H,  +  O,  =  2H,0. 

a  voU.       1  vol.       liquid. 

Contraction  in  burning  2  vols.  H  =  3  vols. 
Hence  contraction  for  i  vol.  H  =  1.5  vols. 

CH,  +  2O,  =  CO,  +  2H,0. 

I  vol.        a  vols.        I  vol.  liquid. 

Contraction  in  burning  i  vol.  CH^  =  2  vols. 

Prom  the  above  equations  we  have 

Contraction  =  ^  CO  +  j  H  +  2CH,. 
Carbon  dioxide  formed  =  CO  +  CH^. 
Oxygen  consumed  =  ^CO  +  ^H  +  2CH,. 

Prom  these  last  three  equations  a  variety  of  formulas  for  the 
calculation  of  the  various  components  of  the  original  mixture 
may  be  derived.     Noyes  and  Shepard  give 

( 1 )  H  =  Contraction  minus  oxygen  consumed. 

(2)  C0  =  |(2C0,-fiH — oxygen  consumed). 

(3)  CH,=  CO.— CO. 

1  Cf.  Vigtion  :  Bull.  Soc.  Ckim.,  1897,  p.  85a. 
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(4)  N  =  Original  volume—  (H  +  CO  +  CH,). 
Instead  of  (2)  and  (3)  we  may  also  use 

CO  =  CO,— GH,. 

CH,=  2  Contraction  —  CO,  —  3H. 

3 
If  no  nitrogen  is  present  in  the  original  mixture  the  following 

equations  of  Vignon  may  be  employed,  F' representing  the  vol- 
ume of  the  gas  mixture  taken  for  the  combustion. 

H=  ^"— CO.. 

CO  =  iCO.  +  y—  I  contraction. 

CH,  =  |C0,  + 1  contraction  —  V, 

I.  II.  III.  IV. 

cc.  cc.  cc.  cc. 

Vdnme  of  %9Ln  residue  taken 83.45  85.05  83.05  86.95 

Ozygenadded  97.65  96.25  97.90  99.95 

Total 181. 10  181.30  180.95  186.90 

Volame  after  combustion 49.3  46.95  49.75  49.5 

Contraction  resulting  from  combustion 131.8  134.35  131.20  137.4  . 

Volame  after  absorption  of  carbon  dioxide  ••  -  13.05  10.15  13.75  i^-o 
Volume  of  carbon  dioxide  formed  in  the  com. 

biistion...r 36*25  36.80  36.0  37.5 

Hydrogen  taken  for  determination  of  excess 

ofoxjgen 50.65  40.8  41.35  40.9 

The  preceding  -f-  volume  remaining  after  ab- 
sorption CO« 63.70  50.95  55.10  52.9 

Volume  after  combustion 32'i5  ^8.3  21.2  24.75 

Contraction  resulting  from  this  combustion-.  31.55  22.65  33.9  28.15 

Oxygen  in  excess  (|  preceding  contraction)  10.52  7.55  11.3  9.38 
Oxygen  consumed  in  combustion  of  CO,  H,  and 

CH^ 87.X3  88.70  86.6  90.57 

From  the  above  experimental  results  the  calculated  percentages  of  the 
▼arious  gases  are  as  follows  : 

I.        II.       III.       IV. 
Per  cent  Per  cent.  Per  cent.  Per  cent. 

Carbon  monoxide 6.a  6.  z  6.a  6.0 

Hydrogen 53-5  53-7  53-7  53-9 

Methane 37.3  37.2  37*2  37.1 

Nitrogen  (difference) 3.0  3.0  2.9  3.0 

In  carrying  on  the  various  combustions  by  which  the  above 
results  were  obtained /tt  was  observed  that  a  much  stronger  cur- 
rent is  required  to  maintain  the  spiral  at  a  red  heat  in  an  atmos- 
phere of  gases  of  low  molecular  weight  than  is  needed  with  heav- 
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ier  gases,  this  being  probably  due  to  the  different  thermal  capac> 
ities  of  the  vari6us  gases  and  to  the  varying  velocities  of  the 
different  gas  molecules.  This  phenomenon  is  especially  marked 
in  the  combustion  of  hydrogen,  for  with  this  gas  it  is  necessary 
to  markedly  decrease  the  strength  of  the  current  as  the  combus- 
tion proceeds,  since  otherwise  a  current  which  will  heat  the  spi- 
ral only  to  redness  in  the  atmosphere  of  hydrogen  at  the  begin- 
ning, is  liable  to  melt  the  platinum  wire  in  the  mixture  of  nitro- 
gen and  oxygen  which  remains  after  the  combustion  is  com- 
pleted. 

An  interesting  reacrion  which  was  observed  during  the  prog- 
ress of  the  work  is  that  a  mixture  of  methane  and  water  vapor 
when  heated  by  the  spiral  reacts  as  follows  : 

According  to  this  equation  one  volume  of  methane  should  yield 
four  volumes  of  the  mixture  of  carbon  monoxide  and  hydrogen. 
On  actual  experiment  it  was  found  that  24.1  cc.  of  impure 
methane  expanded  to  74.5  cc.  from  which  cuprous  chloride 
absorbed  16.5  cc.  This  16.5  cc.  of  carbon  monoxide  shows  that 
an  equal  volume  of  methane  was  present  in  the  original  gas,  and 
according  to  the  above  equation  the  16.500.  of  methane  on  being 
heated  in  the  presence  of  the  water  vapor,  should  show  an  in- 
crease in  volume  of  49.5  cc.  The  expansion  observed  was  50.4 
CO.,  a  result  which  is  sufficiently  close  to  sustain  the  above  reac- 
tion. That  the  observed  expansion  does  not  agree  more  nearly 
with  the  calculated  increase  in  volume  is  doubtless  due  to  the 
fact  that  at  high  temperatures  carbon  monoxide  reacts  with  water 
vapor,  forming  carbon  dioxide  and  hydrogen.*  We  confirmed 
the  accuracy  of  this  statement  by  introducing  into  the  combus- 
tion pipette  79.75  cc.  of  pure,  moist  carbon  monoxide,  and  heat- 
ing the  spiral  for  five  minutes.  The  volume  was  thereby 
increased  to  82.75  cc.  from  which  3.05  cc.  of  carbon  dioxide  were 
absorbed  by  potassium  hydroxide. 

Cornell  University,  July,  1898. 

1  Several  years  ago  Coquillion  observed  that  the  same  reaction  takes  place  in  the 
presence  of  a  red-hot  palladium  spiral.— Com//.  »end.,  8(u  1198. 
A  Cf .  Dixon  :/.  Chem.  Soc.,  49,  99,  100. 
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Received  Deceaiber  31   1898. 

THE  object  of  this  investigation  is  to  determine  the  surface- 
tensions  of  aqueous  solutions  of  the  chlorides  of  lithium, 
sodium,  and  potassium  up  to  the  limits  of  their  solubility.  The 
apparatus  described  in  a  previous  number  of  this  Journal*  per- 
mits of  the  same  degree  of  accuracy  when  the  liquid  is  filled 
with  suspended  particles  as  when  it  is  clear.  The  saturation  of 
a  liquid  with  a  solid  can  accordingly  be  accomplished  with  the 
capillary  tubes  right  in  the  mixture,  and  the  surface-tension  can 
be  measured  from  time  to  time  until  the  saturation  is  completed. 
The  operations  of  determining  the  surface-tension  of  a  saturated 
solution  are  as  follows  :  The  solution  is  saturated  in  a  thermo- 
stat at  the  required  temperature.      A  sample  is  then  transferred 

J 

to  the  tube  of  the  apparatus  and,  the  temperature  being  the 
same  as  before,  several  readings  are  made.  Some  of  the  pow- 
dered solid  is  then  added  and  with  frequent  agitation  readings 
are  taken  at  intervals  of  thirty  minutes  or  so  for  several  hours. 
If  the  preliminary  saturation  has  been  total,  these  readings  are 
the  same. 

The  alkaline  chlorides  used  were  bought  as  chemically  pure. 
Lithium  chloride  (Koenig's  C.  P.)  was  not  subjected  to  further 
purification,  but  the  chlorides  of  sodium  and  potassium  were 
recrystallized  a  couple  of  times. 

The  solutions  of  potassium  and  of  sodium  chloride  were  pre- 
pared by  weighing  the  well-dried  salts  and  dissolving  them  in 
known  weights  of  water.     The  solutions  of  lithium  chloride  were 

1  Vol.  18,  No.  6,  Jane,  1896.  I  have  substituted  for  the  compression  bulb  therein 
described  the  following  simple  arrangement.  A  large  bottle  filled  with  water  is  placed 
on  a  bench  on  the  table  so  as  to  give  an  effective  fall  of  water  of  about  two  feet.  The 
water  is  siphoned  over  into  a  second  bottle,  the  siphon-tube  reaching  to  its  bottom. 
This  bottle  is  closed  with  a  twice-perforated  rubber  stopper,  through  which  pass  the 
siphon-tube  and  an  elbow-tube  connected  with  the  capillary  tubes  of  the  apparatus. 
The  air  forced  from  the  second  is  passed  through  a  piece  of  thermometer  tubing  to  pre- 
vent too  rapid  a  flow  and  a  solid  glass  bead  placed  in  the  connecting  rubber  hose  to 
act  as  a  stop-cock.  By  pressing  the  hose  around  the  head  with  the  thumb  and  finger  so 
as  to  form  a  channel  alongside  it,  the  flow  of  air  can  be  regulated  with  great  nicety. 


Per  cent. 

Mols.  of 

Specific 

of  salt. 

mU  per  liter. 

gravity. 

9.18 

3.28 

1.05023 

18.06 

4.70 

I.X0298 

26.14 

7.II 

I. I 5468 

40.49 

12.02 

1.25904 
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made  from  weighed  quantities  of  water  and  of  a  strong  solution 
of  the  salt  that  had  been  analyzed  for  chlorine. 

The  specific  gravities  were  determined  with  pycnometers  of 
different  styles  and  sizes,  and  are  referred  to  water  at  4^.  Their 
accuracy  is  denoted  by  the  number  of  decimal  places  retained. 

The  data  are  given  in  the  following  tables : 

Surface-tensions  of  Aqueous  Solutions  of  Lithium  Chloride. 

Temperature  ■■  25°. 

Distance  be-  Surface-ten- 
Apparatus    tween  tubes      sion  in 
constant.       in  Jt  inch,  dsmes  per  cm. 

I  259  54.50  73.17 

1.259  55.38  78.17 

1.259  56.50  83.39 

1.259  58.23  93-88 

Lithium  chloride  is  so  soluble  and  prone  to  supersaturation 
that  the  surface-tension  of  its  saturated  solution  was  not  meas- 
ured. As  a  hydrate  and  not  the  pure  salt  crystallizes  from  its 
solution »  it  was  not  thought  that  this  datum  would  present  any- 
thing of  especial  interest.  The  strongest  solution  examined 
was  very  near  to  saturation. 

Surface-tensions  of  Aqueous  Solutions  of  Sodium  Chloride. 

Temperature  «»  25°. 

Distance  be-    8ttrface4ea- 
Per  cent.      Mols.  of         Specific  Apparatus    tween  tubes        sion  in 

of  salt,    salt  per  liter,     gravity.  constant.        in  ^  inch,    djnes  per  cm. 

5.62  1.04  1.0370  2.366  29.29  71.59 

10.87  2.06  1.0726  2.366  28.41  73.04 

1352  2.52  1.0944  1.259  52.63  73.71 

15-72  3.04  I.II23  2.366  28.11  75.04 

Temperature  =5  20°. 

5.62  1.04  1.0388  2.366  29.01  72.38 

10.87  2.06  1.0746  2.366  28.55  73-78 

15.72  3.04  1.1146  2.366  28.30  75.87 

26.19V  5.38'  1.2C046  2.333  28.27  8o-^ 

The  surface-tension  of  a  sodium  chloride  solution  saturated  at 
25^  was  not  determined.  The  determinations  at  20°  and  25^ 
show  such  constant  differences  that  its  value  may  be  calculated 
with  no  appreciable  eriror  by  subtracting  from  the  surface-tension 
of  the  solution  saturated  at  20"*  the  average  difference  between 

t  Saturated  solution. 
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the  determinations  made  on  the  same  solutions  at  the  two  tem- 
peratures, for  the  solubility  oi  common  salt  varies  very  slightly 
with  the  temperature. 

SURPACB-TBNSIONS  OP  AQUBOUS  SOLUTIONS  OP  POTASSIUM  CHLORIDE. 


Temperature  =b  25". 


Per  cent, 
of  Mlt. 

9.09 
XO.71 
16.67 
25.08 
26.44* 


MoU.  of 
■alt  per  liter. 

1.29 

1.53 
2.48 

3-57 
4.18 


Specific 
gravity. 

I -0555 

1.0665 

1.1069 

1. 1526 

I.I7885 


Apparatus 
constant. 

1.257 

1.278 

1.257 
1.257 
1.257 


Distance  be-    Surface-ten- 

tween  tubes  sion  in 
in  ^«  inch,     dynes  per  cm. 

53.45  72.05 

52.26  72.33 

52.02  73.61 

51. II  75.39 

50.98  76.97 


The  data  given  in  the  preceding  tables  are  plotted  in  Figs,  i 
and  2 ;  the  ordinates  of  both  are  surface-tensions,  and  the 
abscissas  concentrations,  expressed  in  the  first  figure  as  per- 
centages, and  in  the  second  as  mols.  per  liter. 

The  percentage  curves  show  that  the  surface-tensions  are  the 


Pig.  I. 

greater  the  smaller  the  molecular  mass  of  the  salt.  Thus,  the 
curve  for  sodium  chloride  lies  about  midway  between  those  for 
lithium  and  potassium  chloride.  The  surface-tension  of  these 
salt  solutions  is  seen  to  be  a  function  of  their  molecular  masses. 
This  is  very  plainly  brought  out  by  the  curve  in  Fig.  2,  where 
the  concentrations  are  expressed  in  mols.  per  liter.  It  is  seen 
that  the  surface-tensions  of  the  solutions  of  the  alkaline  chlorides 
are  the  same,  for  the  curve  represents  the  behavior  of  each  of 
the  salts  examined. 

1  Saturated  solution. 
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As  has  already  been  found  by  Bulinginsk,'  Valson,*  Quincke,* 
Volkmann/  Rother,*  Traube,'  and  Dorsey/  the  surface-tensions 
of  the  solutions  of  the  salts  increase  with  the  concentration. 
The  investigators  named  did  not  use  very  concentrated  solu- 
tions, however,  and  assumed  that  the  surface-tension  was  a 
linear  function  of  the  concentration.  This  conclusion  is  not 
justified  when  the  surface-tension  is  measured  throughout  the 


Fiff.  2. 

entire  range  of  solubility  of  an  alkaline  chloride.  The  curve  in 
Pig.  2  is  slightly  convex  towards  the  axis  of  abscissas.  It  is, 
however,  for  small  changes  in  concentration,  practically  a  straight 
line,  and  for  such  concentration  changes  a  formula  of  the  form 
y'  =z  y  -{-  ka  may  be  applied,  where  y  denotes  the  surface-ten- 
sion of  the  solution,  y  that  of  water,  k  a  constant,  and  a  the  con- 
centration expressed  in  mols.  per  liter.  .At  25*  the  surface-ten- 
sion of  pure  water  is  69.85  dynes  per  cm.*  We  accordingly  may 
establish  the  following  equations  : 

Between  o  and  i  mol.    y'  =  69.85  -f-  1.48  a, 
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2  mols.  y'  =.  69.85  +  1 .55  a, 
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1  Pogg,  Ann.,  X34,  4*0  {iS68). 

»  B}gg.  Ann.,  in  and  560  {1877). 

6  Ibid.,  ai.  576  USS4). 

t  Phil.  Mag.,  Nov.  1897.  p.  369. 

i  Ramsay  and  Shields  :  Ztschr.  phys.  Chem.,  is,  432  {1893). 


y'  =  69.85+  1.62  a, 
X'=  69.85+  1.70  a, 
>^'  =  69.85+  1.78  a. 

2  Ann.  chim.phys.  (4).  so,  361  {1870). 
*  IVied.  Ann.,  17.  353  {1882). 
^J.prakt.  Chem.,  31,  193  {r88s). 
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There  are  too  few  data  to  permit  of  establishing  the  values  of 
the  constant  k  for  concentrations  greater  than  five  mols.  Still 
since  the  values  of  the  **  ^*s'*  increase  by  about  0.08  as  the  con- 
centration increases  by  one  mol.,  if  it  be  legitimate  to  assume 
that  this  regularity  continues,  similar  formulas  may  readily  be 
found  for  greater  concentrations. 


ESTIHATION   OF  THE  LIME,  POTASH,  AND  PHOSPHORIC 
ACID  IN  HAWAIIAN  50IL5  PROBABLY  AVAIL- 
ABLE FOR  THE  IMMEDIATE  CROP. 

By  Walter  Maxwbll. 
Received  January  11,  1999. 

ASPARTIC  ACID  METHOD. 

1.  The  hypothetic  principle  of  this  method  rests  upon  the 
assumption  that  the  solvents  used  shall  compare  with  the  solvents 
that  operate  in  the  processes  of  soil  disintegration,  and  plant- 
food  preparation,  in  the  field.' 

2.  The  standards  of  control  of  this  method  are  the  ascertained 
results  of  the  natural  processes  of  soil  decomposition  in  the  field, 
under  the  conditions  of  climate  and  nature  of  the  soils  of  the 
Hawaiian  Islands,  as  indicated  by  the  **results  of  cropping*'  and 
•'the  composition  of  the  waters  of  discharge**  flowing  from  the 
land  into  the  sea.* 

3.  The  sample  is  obtained  by  the  mode  given  in  previous 
publications;  w>.,  by  the  pipe,  where  this  is  practicable,  other- 
wise by  the  spade.  The  calculation  of  available  matter  per  acre 
is  based  upon  the  specific  gravity  (weight  of  the  cubic  foot)  of 
the  soil,  and  the  depth  to  which  the  sample  is  taken.  In  thin 
soils  the  amount  is  less,  in  deep  soils  greater,  than  the  amount 
found  in  one  acre  to  a  depth  of  one  foot,  upon  which  depth, 
calculations,  so  far,  in  the  use  of  this  method,  have  been  based. 

4.  The  solvent  used  in  this  method  is  aspartic  acid.  This  acid 
was  adopted  because  it  was  found  that  ** aspartic  acid  dissolves 
phosphoric  acid,  lime,  potash,  and  other  bases  (iron  and  alumina) 
out  of  the  soil  in  almost  the  exact  proportions  that  these  ele- 

1  See  the  author's  work  on  the  "Lavas  and  Soils  of  the  Hawaiian  Islands ;"  also 
this  Jonmal.  so,  107  (/^99). 

s  See  "Lavas  and  Soils  of  the  Hawaiian  Islands." 
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tube  inserted.  The  mixture  is  heated  sufficiently  in  the  Bonsen 
flame  to  freely  volatilize  the  alcohol  which  then  escapes  through 
the  jet  and  is  burned  in  the  flame  oi  a  second  Bnnsen  burner.  If 
boric  acid  is  present,  the  flame  will  show  its  characteristic  green 
tint. 

In  order  to  determine  whether  the  test  made  in  this  manDer 
was  any  more  delicate  than  by  the  old  method,  solutions  o( 
known  strength  were  made  up,  and  comparative  tests  made  of 
the  two  methods.  In  each  of  these  tests,  the  following  quanti> 
ties  of  the  different  substances  were  taken:  Borax  solution,  one 
cc. ;  sulphuric  acid  (sp.  gr.  1.84),  two  cc. ;  and  alcohol,  ten  cc. 
By  the  usual  method,  it  was  possible  to  detect  the  boric  acid  in 


a  solution,  one  cc.  of  which  contained  0,01  gram  of  boron  tri- 
oxide  fB,0,).  With  the  new  apparatus  we  found  that  with  1 
solution  of  one-tenth  this  strength  (one  cc.  =  o.ooi  gram  boron 
trioxide),  a  faint  green  color  was  perceptible,  thus  showing  it  to 
be  an  improvement  on  the  test  as  usually  conducted.  Copper 
and  barium  salts  were  subjected  to  the  same  test,  and  it  wat 
found  they  did  not  interfere,  giving  no  coloration  to  the  flame. 
These  comparisons  completed,  we  thought  it  advisable  to 
carry  our  work  still  further  and  determine  the  degree  of  sen- 
sibility of  the  other  tests  in  use.  The  fluoride  test  was  made  as 
follows:  Ahead  of  potassium  fluoride  and  acid  potassium  sol- 


TESTS  POR  BORIC  ACID.  419 

phate  was  made  in  the  loop  of  a  platinum  wire,  at  as  low  a  heat 
as  possible  in  order  that  the  acid  sulphate  might  not  be  decom- 
posed. This  bead  was  then  dipped  in  the  borax  solution  and 
heated  in  the  Bunsen  flame.  A  solution  containing  o.oi  gram 
boron  trioxide  in  one  cc.  gave  a  faint  green  flame.  With  o.ooi 
gram  per  cc.  no  color  was  visible.. 

The  glycerine  test  was  also  tried,  the  operation  being  con- 
ducted as  follows :  A  bead  of  acid  potassium  sulphate  was  made 
and  dipped  into  the  borax  solution,  and  then  ignited  sufficiently 
to  decompose  the  sulphate  and  liberate  the  boric  acid.  After 
cooling,  it  was  dipped  into  glycerine,  and  the  latter  ignited  in 
the  flame  On  removing  the  bead  from  the  flame,  the  glycerine 
continues  to  burn,  giving  a  green  flame  if  any  boric  acid  is  pres- 
ent. The  limit  of  sensibility  of  this  method  was  found  to  be  a 
solution  containing  o.ooi  gram  boron  trioxide  per  cc,  this 
amount  giving  a  faint  green  tinge  to  the  flame. 

Leaving  the  flame  tests  we  now  come  to  the  one  with  turmeric 
paper.  The  solution  to  be  tested  was  acidified  with  dilute  hydro- 
chloric acid,  and  the  paper  moistened  with  the  acidified  solution 
was  dried  at  100''.  A  solution  containing  only  o.oooi  gram 
boron  trioxide  gave  a  distinct  pink  color  on  the  paper,  thus 
proving  turmeric  to  be  the  most  delicate  of  all. 

In  comparing  the  delicacy  of  the  various  tests,  it  is  well  to 
remember  that  the  quantity  of  boric  acid  actually  taking  part  in 
the  bead  and  turmeric  paper  tests,  is  much  less  than  the  amount 
contained  in  one  cc.  of  the  solution  tested.  For  example  in  the 
bead  tests,  one  drop  of  the  solution  was  sufficient  to  saturate  the 
bead,  and  as  one  cc.  was  found  to  contain  about  fifteen  drops 
the  amount  of  boric  acid  actually  used  was  only  one-fifteenth  of 
that  present  in  one  cc.  For  the  tumeric  paper  test,  two  drops  of 
the  solution  were  ample. 

In  the  following  table  the  results  have  been  calculated  on  this 
basis. 

B«Oa  actually        B«0|  in 

Limit  of  test.       present  in  test,      sofuuon. 

Gram.  Gram.  Per  cent. 

Boric  ether  flame  (old  method)..  O.OI  0.01  i.o 

Boric  ether  flame  (new  method)  •  o.ooi  o.ooi  o.i 

Glycerine  method o.ooi  0.00006  o.i 

Potassium  fluoride  and  acid  potas- 
sium snl  phate  method 0.01  0.0006  i  .0 

Turmeric  paper  method 0.0001  0.000013  o.oi 


420  THB  SPBCIPIC  GRAVITY  OP  CESIUM. 

Although  the  test  with  turmeric  paper  is  by  far  the  most 
delicate,  it  is  a  well-known  fact  that  with  the  average  student  in 
qualitative  analysis,  the  results  are  very  uncertain ;  should  a 
trifle  too  much  acid  be  used  to  liberate  the  boric  acid,  the 
turmeric  paper  when  dried  will  be  brown  instead  of  pink.  If 
insufficient  acid  be  added,  there  will  be  no  boric  acid  coloration 
of  the  paper,  even  though  considerable  borate  may  be  present. 

The  method  that  we  recommend  is  intended  to  supplant  the 
usual  watch-glass  or  porcelain  dish  method  that  is  in  general 
use  in  most  qualitative  laboratories.  Our  modification  of  this 
method  not  only  makes  the  test  more  delicate,  but  may  be  per- 
formed with  the  simplest  apparatus;  a  test-tube,  cork,  and  small 
piece  of  tubing  are  all  that  is  necessary. 


THE  SPECIFIC  GRAVITY  OF  CESIUM. 

Bt  a.  B.  MsmcB. 

Received  January  30,  itpp. 

THE  specific  gravity  of  cesium  was  determined  many  yean 
ago  by  Setteler  and  given  as  1.88.  He,  however,  worked 
with  relatively  small  quantities  of  the  metal  (0.6  and  i.i  gram) 
as  his  method  of  preparation  did  not  allow  him  to  obtain  cesium 
in  quantity.  I  have  recently,  in  collaboration  with  Prof.  Hugo 
Erdmann  of  Halle,  made  cesium  on  a  large  scale  and  it  seemed 
to  me  advisable  to  redetermine  the  specific  gravity. 

The  cesium  for  this  purpose  was  purified  by  several  redistilla- 
tions in  hydrogen,  and  then  examined  spectroscopically.  The 
metal  was  weighed  in  hydrogen  and  then  under  liquid  paraffin 
giving  the  following  results  as  the  specific  gravity  referred  to 
water. 

No.  z 2.400X 

No.  2 3.4004 

No.  3 3.3996 

No.  4 2.4003 

No.  5 3.3998 

No.  6 2.4001 

Mean 2.40003 

In  each  case  not  less  than  four  grams  of  metal  were  employed, 
and  the  proper  correction  made  for  hydrogen  weighing. 

These  results  change  the  atomic  volume  of  cesium  from  the 
figure  usually  given  (70.6  to  55.3)  which  does  not  make  the  drop 
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in  the  atomic  volume  curve  from  cesium  to  barium  as  abrupt  as 
heretofore.  It  however  affects  the  symmetry  of  the  vertical  col- 
nmn.  The  specific  gravity  of  rubidium  is  probably  not  correct. 
I  expect  to  redetermine  it  shortly. 

The  following  parts  of  the  atomic  volume  tables  illustrate  the 
points  in  question : 

Table  of  Atomic  Volumes  wrrn  Sp.  Gr.  of  Cesium  1.88. 


K.. 

Rb 
Cs. 


45-4 
56.2 
70.6 


Ca. 

Sr. 
Ba 


25.4 
36.5 


Sc. 
Y. 

La 


17 
24.8 

22 


Table  of  Atomic  Volumes  with  Sp.  Gr.  of  Cesium  2.40003. 

K 45.4  Ca 25.4  Sc.... 

Rb 56.2  Sr 35  Y 

Cs 55-3  Ba 36.S  La... 


17 
24.8 

22 


These  experiments  confirm  Beketoff's  results  on  the  atomic 
volume  of  cesium. 

UarrvBRSiTT  of  Bbklin. 

[Contribution  from  thb  Chemical  Laboratory  of  Lafayette  Col- 

LBGE.] 

AN  APPARATUS  TO  FACILITATE  HYDROGEN  SULPHIDE 

PRECIPITATIONS. 

By  Ricbakd  K.  Mbaob. 

ReceiTsd  Juuiary  ti,  it99* 


THE  piece  of  apparatus  described  below  has  been  in  use  here 
for  the  past  term  by  the  students  of  my  class  in  qualita- 
tive analysis  and  answers  fully  the  purpose 
for  which  it  was  designed  :  to  hasten  the  pre- 
cipitation of  the  copper-arsenic  group  by  hy- 
drogen sulphide.  It  consists  of  an  ordinary 
flask  or  gas  bottle  of  any  suitable  form  and 
capacity,  provided  with  a  closely-fitting  two- 
hole  rubber  stopper.  A  piece  of  glass  tubing 
bent  at  right  angles  passes  through  one  hole 
to  the  bottom  of  the  flask,  serving  as  an  inlet 
for  the  gas.  This  is  connected  with  the  hy- 
drogen sulphide  generator  by  a  half  or  three 
quarters  of  a  yard  of  light  rubber  tubing.  A 
piece  of  glass  tubing  bent  in  the  gas  flame  to 
the  form  shown  in  the  cut  passes  through  the 
other  hole  and  serves  as  an  outlet  for  the  gas. 
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The  solution  to  be  precipitated  is  poured  into  the  flask,  this 
in  turn  corked  up,  and  the  apparatus  stood  in  the  hood.  The 
gas  is  now  passed  into  the  solution  and  the  flask  violently  shaken 
by  hand.  The  bends  in  the  exit  tube  keep  any  of  the  solution 
from  being  thrown  out  of  the  flask.  The  churning  up  of  the 
solution  with  the  hydrogen  sulphide  gas  quickly  throws  out  of 
solutions  the  metals  of  the  copper-arsenic  group. 

The  young  men  tell  me  that  not  only  is  the  time  necessary  for 
complete  precipitation  greatly  shortened  but  the  sulphides  are 
obtained  in  a  form  more  easily  filtered  and  washed,  by  the  use 
of  this  apparatus. 

Easton,  Pa.,  January  19,  1899. 


ACTION  OF  A  HARD  WATER  ON  CERTAIN  METALS. 

Bv  jAS.  Lewis  Howe  and  J.  L.  Morrison. 

Received  February  95.  1899. 

THE  work  described  in  this  paper  was  undertaken  for  the 
purpose  of  studying  the  action  of  the  town  water  supply 
of  Lexington,  Va.,  on  brass,  as  complaint  had  been  made  by 
plumbers  and  others  that  brass  faucets,  valves,  etc.,  were  rapidly 
corroded  by  the  water  and  rendered  useless. 

An  analysis  of  the  water  furnished  me  by  Col.  N.  B.  Tucker, 
of  the  Virginia  Military  Institute,  is  as  follows  . 

Parts  per  100.000. 

Ivime r 7.30 

Magnesia  4.065 

Ferrous  oxide 0.2057 

Soda 0.3608 

Carbon  dioxide 30. 196 

Sulphur  trioxide 0.2127 

Silica 0.730 

Chlorine trace 

Potash absent 

The  relatively  high  proportion  of  magnesia  is  due  to  the  fact 
that  most  of  the  limestone  of  the  region  is  highly  magnesian. 
Several  different  metals  were  tested  and  in  each  case  a  duplicate 
was  made  with  distilled  water.  The  method  used  was  as  fol- 
lows :  The  metals  were  in  thin  strips  except  the  brass  which 
was  in  the  form  of  wire.  The  surface  was  thoroughly  cleaned 
with  emery  paper,  the  metal  weighed,  and  the  area  of  exposed 
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surface  measured.  With  each  metal  two  bottles  of  about  a 
half-liter  capacity  and  two  open  jars  holding  about  two  liters 
were  used.  One  of  the  bottles  was  filled  with  town  water  and 
the  other  with  distilled  water  and  tightly  corked,  care  being 
taken  that  no  air  should  be  in  the  bottle.  One  jar  was  filled 
with  town  water,  the  other  with  distilled  water  and  left  open  to 
the  air  with  a  slight  protection  from  dust.  As  the  water  evapo- 
rated more  water  was  added.  The  temperature  ranged  from  10° 
to  20°,  or  occasionally  perhaps  25**.  After  four  months  the  met- 
als were  removed,  and,  after  brushing  off  any  loosely  adhering 
deposit,  weighed.  The  water  was  tested  qualitatively  forthe  pres- 
ence of  the  metal  in  solution.  The  amounts  of  metal  used  in  each 
case  and  the  surface  were  approximately  as  follows  :  Brass,  36 
grams,  105  sq.  cm.  ;  zinc,  56  grams,  170  sq.  cm. ;  copper,  17 
grams,  243  sq.  cm.;  iron,  64  grams,  391  sq.  cm.;  lead,  375  grams, 
500 sq.  cm.;  aluminum  (thin  commercial  sheet),  1.6  grams, 
175  sq.  cm. 

In  a  further  experiment  a  bundle  of  brass  wire  was  packed  in 
the  pipes  behind  two  of  the  laboratory  faucets.  One  of  these 
faucets  (A)  was  used  almost  constantly  all  day,  the  other  (B) 
perhaps  half  as  much.  These  wires  weighed  respectively 
36.540  and  36.527  grams  and  presented  each  105.5  sq.  cm.  sur- 
face ;  these  were  left  in  position  three  and  one-half  months. 

The  results  are  expressed  in  the  following  table  in  terms  of 
milligrams  per  square  centimeter  of  surface  : 


Town  water,  closed  bottle, 


fi 


f  i 


open  jar, 


Brass. 

Loss  or  gain 
in  weight. 


0.047  loss 


Distilled  water,  closed  bottle, 


<i 


ti 


open  jar, 


Faucet  A, 
"      B, 


0.019  gam 


3.742  loss 
1. 108    ** 


Surface  bright ;  no  copper  or 

zinc  in  water. 
Surface  bright,  except  at  ends 

of  wires;    no  copper   but 

much  zinc  in  water. 
Surface  bright ;  no  copper  or 

zinc  in  water. 
Surface  bright  except  at  ends 

of  wires ;  no  copper  or  zinc 

in  water. 
Surface  showed  much  tarnish 
Surface  showed  much  tarnish 
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Town  water,  closed  bottle, 


Zinc. 

nil 

1.54   gain 


Lobs  or  nin 
in  weigi 


i< 


II 


Open  jar, 


2.525 


II 


Distilled  water,  closed  bottle,    0.348    ** 


II 


II 


open  jar. 


0.1165    ** 


Copper. 
Town  water,  closed  bottle,  o 


II 


II 


open  jar, 


0.16    loss 


Distilled  water,  closed  bottle,        o 


II 


II 


open  jar, 


0.131  gain 


Iron. 
Town  water,  closed  bottle,         0.025  loss 


II 


II 


open  jar, 


6.966    ** 


Distilled  water,  closed  bottle,    0.077    *' 


II 


II 


open  jar. 


7.086    " 


Lead. 
Town  water,  closed  bottle,         1.304  loss 
**         "       open  jar,  1.152    ** 

Distilled  water,  closed  bottle,    2.306    *' 


II 


II 


open  jar, 


3391 


II 


Aluminum. 
Town  water,  closed  bottle,  o 


II 


II 


open  jar, 


Distilled  water,  closed  bottle,       o 


II 


II 


open  lar, 


0.128  loss 


Surface    slightly    oxidized ; 

zinc  in  water. 
Surface      much      oxidized  ; 

much  zinc  in  water. 
Surface    slightly    oxidized ; 

trace  of  zinc  in  water. 
Surface    slightly    oxidized ; 

trace  of  zinc  in  water. 

Surface  bright;  slight  trace 
of  copper  in  water. 

Surface  tarnished,  copper  in 
water. 

Surface  bright ;  trace  of  cop- 
per in  water. 

Surface  tarnished,  red  to 
black ;  copper  in  water. 

Surface  slightly  rusted  ;  iron 
in  water;  0.15  gram  de- 
posit. 

Much  rust;  iron  in  water; 
4.575  gram  deposit. 

Surface  tarnished;  iron  in 
water ;  0.085  gram  deposit. 

Much  rust;  iron  in  water; 
4.965  grams  deposit. 

Surface  bright ;  lead  in  water. 
Surface  somewhat  tarnished : 

little  lead  in  water. 
Surface  bright;  lead  in  water. 
Surface      much      tarnished; 

much  lead  in  water. 

Surface  bright;  noaluminom 

in  water. 
Surface  bright;  no  aluminum 

in  water. 
Surface  bright ;  no  aluminum 

in  water. 
Surface     much     tarnished; 

aluminum  in  water. 
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This  table  reveals  several  points  regarding  the  action  on  metals 
of  a  hard  water  containing  an  excess  of  carbon  dioxide  with 
considerable  magnesia,  and  little  sulphate  and  no  chlorine. 

1.  Snch  a  water  acts  readily  upon  zinc,  far  more  readily  than 
does  distilled  water,  and  it  seems  to  be  able  to  dissolve  out  the 
zinc  in  brass,  leaving  the  brass  much  corroded.  This  would  ex- 
plain the  action  of  the  water  on  brass  faucets,  etc.,  above  men- 
tioned. Such  a  water  should  not  be  conveyed  through  zinc-lined 
iron  pipes. 

2.  The  hardness  of  such  a  water  is  no  protection  against  its 
action  on  lead,  this  water  having  more  than  half  as  much  action 
as  distilled  water  when  protected  from  the  air. 

3.  Protected  from  the  air,  the  action  upon  iron  is  compara- 
tively slight. 

4.  Aluminum  is  perfectly  resistant  against  a  water  of  this 
character. 

Similar  experiments  were  carried  out  with  nickel,  but  in  no 
case  did  the  water  have  any  action  upon  it. 

WASnSIOTON  AND  Lbb  URIVBKSrrY, 
XrKXUfOTOH,  Va. 


NOTES  ON  THE  ANALYSIS  OF  DYNAMITE  AND  QELATINB- 

DYNAHITE. 

Bt  F.  W.  Smith. 
Rccdwd  January  I9i  sS99> 

I. 

THE  analysis  of  dynamite  is  not  often  described  in  text-books 
and  the  following  notes,  gleaned  from  some  years'  expe- 
rience, may  be  of  interest  to  those  who  have  occasion  to  investi- 
gate such  products. 

A  simple  case  is  that  of  a  dynamite  containing  nitroglycerine, 
sodium  nitrate,  wood-pulp,  and  basic  magnesium  carbonate  or  kie- 
selguhr.  The  following  process  of  analysts  is  recommended  as 
giving  satisfactory  results.  Weigh  out  ten  grams  on  a  pair  of 
watch-glasses,  place  in  a  desiccator  over  sulphuric  acid  and 
leave  for  at  least  five  days.  The  loss  in  weight  is  called  moisture. 
Weigh  about  the  same  amount  into  a  Gooch  crucible  and  extract 
with  pure  ether.  A  drop  of  the  ether  is  allowed  to  evaporate  on 
a  piece  of  tissue  paper  from  time  to  time,  and  the  extraction  con- 
tinued until  the  paper  no  longer  tastes  of  nitroglycerine.  Dry 
the  residue  in  an  air-bath  at  about  So"*  C.  for  two  to  three  hours 


426  P.  W.  SMITH. 

and  weigh.  The  loss  minus  the  moisture  is  called  nitroglycerine. 
In  the  case  of  powders  containing  only  nitroglycerine  and 
kieselguhr»  this  extraction  is  considerably  more  difficult,  and  it 
is  advisable  to  remove  the  dynamite  from  the  Gooch  crucible  to 
a  small  beaker  and  stir  up  with  ether,  washing  the  residue 
back  when  free  from  nitroglycerine.  After  extracting  the 
nitroglycerine,  the  niter  is  extracted  with  cold  water,  and 
after  the  water  ceases  to  extract  anything  it  is  displaced  by 
acetone  with  the  object  of  drying  the  residue  without  affect- 
ing the  starch  if  any  be  present.  The  loss  in  weight  is 
called  sodium  nitrate,  potassium  nitrate  being  very  rarely  used. 
The  residue  from  the  water  extraction  is  ignited  until  free  from 
carbon.  The  loss  is  wood-pulp,  flour,  bran,  etc.  I  have  found 
no  satisfactory  method  for  separating  these,  and  rely  on  testing 
with  iodine  for  the  presence  Of  starch  as  an  indication  of  the  pres- 
ence of  flour,  etc. 

If  no  earthy  absorbents  have  been  used,  the  ash  after  ignition 
is  not  likely  to  be  over  one-tenth  per  cent,  of  the  whole  sample. 
If  the  ash  is  considerable  it  is  extracted  with  hydrochloric  acid 
and  the  residue  dried.  The  loss,  expressed  in  percentages,  is 
subtracted  from  the  percentage  of  loss  on  ignition.  The  loss  on 
ignition  minus  the  loss  on  extraction  with  hydrochloric  acid  is 
called  wood-pulp,  etc.,  while  twice  the  latter  is  entered  as  basic 
magnesium  carbonate.  This  method  saves  a  quantitative 
determination  of  the  magnesia  in  the  extract  and  rests  on  the 
fact  that  the  basic  magnesium  carbonate  employed  as  an  absorb- 
ent loses  practically  one-half  its  weight  on  ignition.  The 
extract  should,  however,  be  examined  for  lime,  etc. ;  a  small 
amount  of  iron  may  come  from  the  kieselguhr.  If  any  residue 
be  left  after  extracting  with  hydrochloric  acid  it  is  examined 
under  the  microscope  for  kieselguhr,  mica,  etc.,  or  it  may  be  a 
small  amount  of  Venetian  red  used  for  coloring  the  powder. 

The  following  analysis  will  serve  to  illustrate  the  methods: 

No.  515.  Per  cent.  Per  cent. 

Moisture 1.3                       ..-. 

Nitroglycerine 39.6                       39.6 

Sodium  nitrate •  46.8                       47.1 

Wood-pulp 9.5 

Basic  magnesium  carbonate 1.8 

Kieselguhr • i.o 


... 


.  • . 


•  •  • 


lOO.O 
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The  loss  on  ignition  was  10.40  per  cent,  and  on  extraction 
with  hydrochloric  acid  0.90  per  cent.  A  quantitative  determina- 
tion of  the  magnesia,  calculated  as  Mg(OH),.3MgCO,.3H,0, 
gave  one  and  eight-tenths  per  cent.  The  portion  used  for 
moisture  determination  may  be  used  to  check  the  extractions. 

Lunge's  nitrometer  may  be  used  to  advantage  as  a  check  on 
the  analysis.  About  one-half  gram  of  the  dynamite  is  weighed 
into  a  small  weighing  bottle  and  about  ten  cc.  of  pure  sulphuric 
acid  poured  over  it.  It  is  then  allowed  to  stand  from  twelve  to 
eighteen  hours.  In  this  time  the  whole  usually  goes  into  solu- 
tion. In  the  cold  the  reaction  is  perfectly  calm  and  no  nitrogen  is 
lost.  It  is  then  introduced  into  the  nitrometer  and  decomposed 
as  usual.  The  result  is  most  conveniently  expressed  in  cubic 
centimeters  of  nitric  oxide  per  gram.  On  the  sample  mentioned 
above  three  determinations  in  the  nitrometer  gave :  237*0,  234.5, 
and  236.5  cc.  of  nitric  oxide  per  gram.  39.6  per  cent,  of  nitro- 
glycerine gave  11 6.9  cc,  46.8  per  cent,  of  sodium  nitrate  gave 
122.9  cc.  of  nitric  oxide  per  gram  respectively,  total  239.8  cc. 
The  sodium  nitrate  used  is  generally  ninety-six  to  ninety-eight 
per  cent,  pure;  assuming  ninety-seven  per  cent.,  reduces  the 
calculated  cubic  centimeters  to  236.1.  The  nitrometer  work 
shows  that  in  this  case  the  ether-soluble  portion  contains  nothing 
but  nitroglycerine,  the  water-soluble  portion  nothing  but  sodium 
nitrate  and  its  usual  slight  impurities.  Eight  minutes  agitation 
in  the  nitrometer  is  sufficient  for  almost  all  cases. 

II.   GELATINE-DYNAMITE. 

The  gelatine-dynamites  are  considerably  more  difficult  to 
analyze.     The  following  analysis  may  be  selected  as  typical : 

No.  478.  Per  cent. 

Moisture 0.4 

Nitroglycerine 33.7 

Sulphur 1.9 

Resin 7.0 

Sodium  nitrate 54.0 

Guncotton i.i 

Wood-pulp 1.9 

loo.o 

The  sample  for  moisture  is  weighed  out  as  before.  A  filter 
cone  (C.  S.  &  S.)  is  dried  and  weighed  in  a  weighing  bottle  and 
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about  fifteen  grams  of  the  powder  weighed  into  it.  This  is 
extracted  in  a  Soxhlet  apparatus  with  chloroform.  The  loss 
includes  nitroglycerine,  sulphur  and  resin.  Sometimes  the 
powder  melts  together  in  the  hot  chloroform,  and  in  that  case  it 
must  be  taken  from  the  filter  and  broken  up  in  a  beaker  with 
cold  chloroform  until  the  bulk  of  the  nitroglycerine  is  dissolved. 
After  extracting  with  chloroform  the  residue  is  extracted  with 
cold  water  to  remove  the  sodium  nitrate,  dried  and  weighed,  then 
extracted  with  acetone  and  the  loss  on  extraction  with  acetone 
called  gun6otton.  The  still  remaining  portion  consists  of  wood- 
pulp  and  earthy  absorbents  which  are  treated  as  above  described. 
Sodium  nitrate  is  appreciably  soluble  in  acetone  and  should,  on 
that  account,  be  removed  before  the  guncotton.  It  is  otten 
recommended  to  extract  with  acetone  first  and  precipitate  the 
guncotton  with  chloroform.  This  method  gives  results  which 
are  too  high  because  the  sodium  nitrate  dissolved  by  the  acetone 
is  also  precipitated  along  with  the  guncotton.  Allowance  for 
this  can,  however,  be  made  by  incinerating  the  guncotton  and 
calculating  the  ash  as  sodium  nitrate.  The  second  and  follow- 
ing extractions  cat)  conveniently  be  made  in  the  filter  cone, 
setting  it  in  a  test-tube  with  perforated  bottom.  The  filter  is 
finally  incinerated  in  a  platinum  dish  with  the  residue,  allowance 
being  made  for  its  ash  content  which  in  one  case  was  11.4  milli- 
grams. 

The  chloroform  solution  is  evaporated  almost  to  complete 
absence  of  chloroform  and  taken  up  with  glacial  acetic  acid. 
The  precipitated  sulphur  is  washed  into  a  weighed  Gooch 
crucible  and  washed  further  with  a  little  strong  alcohol  to 
remove  the  resin.  The  nitroglycerine  is  determined  by  weigh- 
ing a  suitable  portion  of  the  powder  (in  this  case  one  and  two- 
tenths  grams)  into  a  small  beaker.  Ether  is  then  poured  on,  and 
the  powder  worked  over  with  a  platinum  spatula.  The  ether  is 
several  times  renewed,  being  poured  on  a  filter  and  collected  in 
a  glass  evaporating  dish.  The  ethereal  solution  is  allowed  to 
evaporate  spontaneously  in  a  cool  place,  the  dish  being  covered 
with  tissue  paper.  After  twelve  hours  the  residue  can  be 
washed  into  the  nitrometer  with  acetic  acid,  care  being  taken 
not  to  use  too  much  acetic  acid  which  retards  the  reaction  of 
decomposition,  while  if  too  little  be  used  the  reaction  may  be 
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extremely  violent.  Even  with  the  greatest  care  in  evaporation 
some  nitroglycerine  is  lost  and  the  results  are  usually  about  one 
per  cent.  low. 

The  calculated  cubic  centimeters  of  nitric  oxide  per  gram  on 
this  analysis,  assuming  the  guncotton  to  contain  11.9  per  cent, 
of  nitrogen,  are  99.5  for  the  nitroglycerine,  141.7  for  the  sodium 
nitrate,  and  two  and  one-tenth  for  the  guncotton ;  total  243.3. 
Two  determinations  in  the  nitrometer  gave  243.8  and  242.7.  As 
the  sodium  nitrate  was  certainly  not  pure,  this  result  shows  that 
the  figure  entered  for  nitroglycerine  must  be  too  low.  Assum- 
ing the  sodium  nitrate  to  be  ninety-eight  per  cent,  pure  gives 
138.9  cc.  and  this,  plus  2.10  cc.  for  the  guncotton,  subtracted 
from  243.2.  total  by  analysis,  gives  102.2  cc.  for  the  nitroglycer- 
ine, corresponding  to  34.6  per  cent.  Of  course  if  necessary  the 
water-soluble  portion  could  be  isolated  and  estimated  in  the 
nitrometer.  The  amount  given  in  the  analysis,  33.7  per  cent., 
was  determined  by  analyzing  the  ether-soluble  portion  in  the 
nitrometer  and  calculating  the  nitric  oxide  obtained  as 
C,H,N,0,.  The  resin  in  this  case  was  recognized  by  its  odor, 
and  estimated  by  difference.  An  attempt  to  determine  it  in  alco- 
holic solution,  in  presence  of  nitroglycerine,  by  titration  with 
alcoholic  potash,  failed  because  nitroglycerine  by  itself  is  decom- 
posed by  alcoholic  potash,  decolorizing  phenolphthalein  solution. 
Some  so-called  flameless  dynamites  contain  ammonium  nitrate. 
The  ammonia  is  estimated  by  distillation  from  aqueous  solution 
and  calculated  as  nitrate. 

The  two  examples  given  cover  the  great  bulk  of  dynamites 
and  gelatine-dynamites  used  in  the  United  States  but  many 
other  mixtures,  often  of  a  very  fanciful  nature,  are  occasionally 
encountered,  some  of  them  exceedingly  difficult  if  not  impossible 
to  analyze.  The  methods  of  analysis  given  in  Guttmann's 
Manufacture  of  Explosives,  Vol.  II,  are  mainly  reliable  as  far 
as  they  go,  while  some  of  Sanford's  methods  are  likely  to  lead 
to  disappointment.  His  separation  of  nitroglycerine  from  cam- 
phor is  especially  difficult  to  understand  since  nitroglycerine  and 
carbon  disulphide  mix  completely  on  the  addition  of  camphor. 

It  is  hoped  that  this  paper  will  provoke  discussion  which  may 
lead  to  the  adoption  of  uniform  methods  of  analysis  by  the  chem- 
ists who  have  to  deal  with  this  class  of  products. 
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III.   VARIOUS  NOTES. 

The  nitrometer  is  conveniently  set  by  the  use  of  pure  potassium 
nitrate.  Exactly  one-half  gram  is  weighed  into  a  weighing  bottle, 
covered  with  sulphuric  acid  and  allowed  to  stand  until  the  solu- 
tion becomes  clear.  The  nitric  oxide  from  this  is  brought  into 
the  measuring  tube,  and  the  amount  of  air  in  the  reduction  tube, 
which  should  also  contain  a  few  drops  of  water,  is  varied  until 
the  gas  in  the  measuring  tube  shows  1 10.5  cc.  with  the  air  in  the 
reduction  tube  at  100  cc.  The  use  of  potassium  nitrate  elim- 
inates a  large  number  of  errors,  such  as  those  of  reading  the 
barometers,  thermometers,  etc.  The  potassium  nitrate  may  be 
purified  by  dissolving  it  in  the  least  possible  quantity  of  cold 
water  and  precipitating  with  an  equal  volume  of  pure  alcohol. 
Three  times  is  generally  sufficient,  and  the  absence  of  chlorides 
and  sulphates  may  be  taken  as  a  criterion  of  purity.  Sodium 
nitrate,  made  by  dissolving  sodium  in  alcohol  and  neutralizing 
with  dilute  pure  nitric  acid,  may  be  used  as  a  check  on  the  potas- 
sium nitrate.  Leaky  stop-cocks  are  a  frequent  source  of  annoy- 
ance in  working  with  the  nitrometer.  The  stop-cock  of  the 
measuring  tube  may  be  tested  each  time  by  allowing  it  to  stay 
open  for  an  instant  after  connecting  it  to  the  decomposing  bulb 
by  means  of  a  thick-walled  rubber  tube  and  allowing  the  mercury 
reservoir  to  be  at  its  lowest  position.  The  mercury  should  not 
sink  in  the  measuring  tube.  This  assures  the  tightness  of  every- 
thing from  the  lower  side  of  the  stop-cock  in  the  measuring  tube 
to  the  upper  side  of  the  stop-cock  in  the  decomposing  bulb. 
The  stop-cock  in  the  decomposing  bulb  may  be  tested  by  analy- 
zing the  standard  potassium  nitrate,  first  with  the  level  of  the 
mercury  in  the  reservoir  about  six  inches  above  that  in  the 
decomposing  bulb,  and  secondly  about  six  inches  below.  If  the 
first  analysis  shows  too  low  a  result,  and  the  second  too  high,  it 
points  conclusively  to  a  leak.  A  person  having  much  nitrom- 
eter work  to  do  must  familiarize  himself  with  the  grinding  of 
stop-cocks  as  they  rarely  leave  the  manufacturers*  hands  in  a 
perfect  condition.  Grease  for  the  stop-cocks  is  made  from  vase- 
line with  the  addition  of  Japan  wax  and  rosin,  the  proportions 
being  varied  in  summer  and  winter  to  get  a  product  of  suitable 
hardness  and  consistency. 
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The  refraction  method  for  the  valuation  of  Chili  niter  gives 
results  from  one  to  one  and  one-half  per  cent,  higher  than  those 
obtained  by  using  the  nitrometer  and  calculating  the  nitric  oxide 
obtained  as  sodium  nitrate.  This  is  due  to  the  almost  unvary- 
ing presence  of  potassium  nitrate,  and  the  occasional  presence  of 
potassium  perchlorate.  The  latter  may  be  determined  by  fusing 
at  a  low  temperature  in  the  presence  of  powdered  cupric  oxide. 
The  increase  of  chlorides  after  fusion  is  calculated  as  potassium 
perchlorate.   The  following  is  a  complete  analysis  of  one  sample : 

No.  471.  Per  cent. 

Moisture 2.2 

Insoluble o.i 

Magnesium  sulphate 0.2 

Magnesium  chloride o.  i 

Sodium  chloride 0.4 

Potassium  nitrate 3.6 

Sodium  nitrate 93.4 

Potassium  perchlorate 0.0 

loo.o 

The  refraction  method  gave  96.8  per  cent,  of  sodium  nitrate 
by  difference. 

The  California  Powder  Works, 

PiMOLE,  Contra  Costa  County, 

California,  January,  1899. 
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A  MODIFICATION  OF  PIERCE'S  HETHOD  FOR  THE  DETER- 
MINATION OF  ARSENIC  IN  0RE5. 

By  J.  F.  Bennett.  Jr. 

Received  February  ao,  1899. 

THERE  are  several  methods  for  the  estimation  of  arsenic  in 
ores  in  current  use,  many  of  which,  however,  are  defec- 
tive or  do  not  approach  the  accuracy  required  even  in  technical 
work. 

Pierce's  method^  (one  of  the  best  of  those  in  general  use ) , 
with  or  without  Canby's  modification,  on  account  of  its  simplicity, 
is  largely  employed  in  metallurgical  works  notwithstanding  the 
fact  that  it  is  subject  to  a  range  of  inaccuracy  which  renders  it 
inadmissible  where  accurate  results  are  required,  and  which  can 
be  reduced  to  a  minimum  only  by  the  most  careful  execution. 

It  is  my  purpose,  after  having  pointed  out  the  defective  points 

1  Proceedings  of  the  Colorado  Scientific  Society,  Vol.  I. 
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in  the  above  method,  to  present  what  is  thought  to  be  an 
improvement  upon  it,  intended  especially  for  the  determination 
of  arsenic  in  ores,  together  with  the  results  of  a  number  of 
experiments  carried  on  with  a  view  to  determining  its  accuracy. 

Pierce,  after  getting  the  arsenic  into  solution  as  an  alkaline 
arsenate,  expels  carbonic  acid  by  boiling  with  an  excess  of 
nitric  acid  and  then  very  carefully  neutralizes  with  ammonia 
and  nitric  acid,  using  litmus  paper  as  an  indicator.  By  Canby's 
modification  the  neutralization  is  effected  by  means  of  an  emul- 
sion of  zinc  oxide. 

As  to  the  first  method,  I  have  found  it  practically  impossible, 
after  making  a  large  number  of  determinations,  to  secure  con- 
cordant results,  especially  on  high  grade  ores.  This  is  due  to 
the  fact  that  the  silver  arsenate  is  highly  soluble  in  a  slight 
excess  of  either  acid  or  alkali,  and  slightly  soluble  in  an  aqueous 
solution  of  ammonium  nitrate  ;  while  the  precipitate  under  the 
conditions  that  exist  here,  even  after  vigorous  stirring,  invari- 
ably passes  through  the  filter.  I  believe  it  is  practically  impos- 
sible to  secure  a  neutral  solution  by  means  of  the  above  reagents 
and  indicator.  Litmus  paper,  as  is  well  known,  is  not  a  good 
indicator  under  the  conditions  as  they  exist  above  and  I  have 
found  it  entirely  inadequate  for  the  purpose  of  securing  the 
degree  of  neutralization  which  is  here  absolutely  indispensable. 

Canby's  method  is  little  better  in  this  respect,  as  the  neutral- 
ization is  only  partly  effected,  the  acid  becoming  too  weak  to 
attack  the  oxide  but  remaining  su£Glciently  strong  to  dissolve 
the  arsenate.  The  method  which  I  propose  for  eliminating  the 
defective  points  as  above  mentioned,  is  based  on  the  following 
considerations : 

(i).  *'  The  addition  of  sodium  acetate  to  a  mixed  solution  of 
arsenic  and  nitric  acid  is  sufiicient  to  insure  the  immediate  pre- 
cipitation of  silver  arsenate  when  silver  ammonio-nitrate  is 
introduced.'"  Also,  silver  arsenate  is  only  '*more  freely 
soluble  in  acetic  acid  than  in  solution  of  ammonium  nitrate."* 

(2).  The  use  of  phenolphthalein  as  indicator  instead  of  litmus 
paper. 

(3).  The  precipitation,  as  herewith  proposed,  renders  the  pre- 
cipitate granular  and  as  easily  filtered  as  silver  chloride. 

i  Every,  in  Crooke'i  **  Select  If  ethodt,"  page  4«>. 

s  Graham,  in  Storer'a  Dictionary  of  Chemical  Solobilitiea. 
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Under  consideration  ( i ) ,  the  precipitation  might  be  effected 
in  a  nitric  acid  solution,  bat  in  order  to  eliminate  any  solvent 
action  which  the  presence  of  nitric  acid  might  have,  the  pre- 
cipitation is  effected  in  a  sodium  acetate  solution  slightly  acid 
with  acetic  acid,  as  will  be  seen  in  the  scheme  which  follows : 
The  absence  of  ammonia  salts,  etc. ,  permits  the  use  of  phenol- 
phthalein  as  indicator,  thereby  securing  the  neutralization 
promptly  and  without  the  tedious  delay  due  to  the  slow  action 
of  the  litmus  paper.  It  will  be  noticed  that  I  state  above  on 
the  authority  of  Graham,  that  silver  arsenate  is  somewhat  more 
soluble  in  acetic  acid  than  in  ammonium  nitrate,  while  I  precipi- 
tate in  acetic  acid  solution.  I  will  say,  however,  that  the  above 
is  a  fairly  strong  solution  of  acetic  acid,  while  my  solution  con- 
tains only  a.  sufficient  excess  of  acetic  acid  to  destroy  the  color 
of  the  phenolphthalein  (a  drop  or  two  of  dilute  acetic  acid  in 
loocc.  of  solution),  in  which  I  have  found  the  silver  arsenate 
to  be  practically  insoluble. 

The  method  is  as  follows : 

One-half  gram  of  the  finely  powdered  ore  is  mixed  in  a  large 
porcelain  crucible  with  from  six  to  ten  times  its  weight  of  a 
mixture  of  equal  parts  of  sodium  carbonate  and  potassium 
nitrate,  preferably  by  mixing  the  ore  with  about  two-thirds  of 
the  flux  and  using  the  balance  as  a  cover.  The  mass  is  then 
heated  gradually  to  complete  fusion  and  kept  so  for  a  few 
minutes,  cooled,  and  the  soluble  portion  extracted  with  boiling 
hot  water  and  filtered  from  the  insoluble  residue.  The  arsenic 
is  in  the  filtrate  as  alkaline  arsenate.  Acidify  filtrate  strongly 
with  acetic  acid,  cover  and  boil  rapidly  for  a  few  minutes  to 
expel  carbonic  acid ;  cool,  add  a  few  drops  of  a  solution  of  phenol- 
phthalein in  alcohol,  then  a  strong  solution  of  sodium  hydroxide 
to  alkaline  reaction  ;  then  one  or  two  drops  of  acetic  acid  which 
will  discharge  the  purple-red  color  if  too  much  of  the  alkali  has 
not  been  used.  The  solution  should  now  consist  of  about  lOO 
cc.  Add,  in  slight  excess,  while  violently  agitating  with  a 
stirring  rod,  a  neutral  solution  of  silver  nitrate,  and  allow  to  settle 
a  few  minutes,  keeping  out  of  direct  sunlight.  Pour  the  clear 
supernatant  liquid  through  the  filter,  retaining  the  precipitate  in 
the  beaker,  and  wash  once  or  twice  by  decantation  with  cold 
water.     Finally  throw  the  precipitate  on  the  filter  and  wash 
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thoroughly  with  cold  water.  Now  place  the  beaker  in  which 
the  precipitation  was  made,  under  the  funnel,  fill  the  funnel  full 
of  water,  and  add  twenty  cc.  strong  nitric  acid.  When  the  fil- 
trate has  run  through,  wash  filter  thoroughly  three  or  four 
times  with  cold  water,  make  the  filtrate  up  to  about  loo  cc.,  and 
titrate  with  a  standard  solution  of  potassium  thiocyanate,  ac- 
cording to  Volhard  ;'  or  the  silver  may  be  determined  by  scori- 
fying the  filter  and  precipitate  and  cupelling.  The  former 
method  must  be  adopted  in  the  presence  of  chlorides. 

Following  are  a  few  of  a  large  number  of  determinations  made 
to  test  the  accuracy  of  this  method  : 

Two  hundred  and  fifty  milligrams  impure  arsenic  trisulphide 
(ASfSJ  were  fused  as  above  and  the  solution  made  up  to  500  cc. 
Several  portions  of  fifty  cc,  each  containing  0.025  gram  impure 
arsenic  trisulphide,  were  taken  and  each  portion  treated  as  a 
separate  determination  from  the  point  at  which  the  filtrate  is 
acidified  strongly  with  acetic  acid  ;  then  scorified  and  cupelled. 
Results  are  as  follows  : 

Table  i. 

Calculated  amount  of 
No.  of  deter-  Weight  of  siWer  button,    arsenic  trisulphide  found, 

mination.  Gram.  Gram. 

I 0.063915  0.02424 

2 0.063240  0.02400 

3 0.064720  0.02457 

4 0.063450  0.02409 

5 0.065075  0.02470 

6 0.063675  0.02407 

One-half  gram  impure  arsenic  trisulphide  was  fused  and  made 
up  to  500  cc,  and  portions  of  25  cc,  containing  0.025  gram  of 
arsenic  trisulphide,  were  treated  as  above,  except  that  the  precipi- 
itate  was  dissolved  in  nitric  acid  and  titrated  with  potassium 
thiocyanate  ( i  cc  =  6.02875  gram  arsenic  trisulphide)  instead  of 
scorifying  and  cupelling.     Results  are  as  follows  : 

Tabids  2. 

standard  solution  of        Arsenic  trisulphide 
No.  of  deter-  potassium  thiocyanate.  found. 

minaUon.  cc.  Gram. 

I 8.6  *    0.024725 

2 8.6  0.024725 

3 8.3  0.023863 

4 8.6  0.024725 

5 8.6  0.024725 

6 8.7  0.025013 

I  Ann  Cfum.  (Uebig),  190,  x. 
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It  will  be  uoticed  that  the  first  table  gave  uniformly  low 
results.  This  was  attributed  to  the  loss  of  silver  in  scorifica- 
tion  and  cupellation,  and  in  order  to  correct  this  loss  four  assays 
were  run  containing  o.oi55i2  gram  pure  silver  each,  correspond- 
iDg  to  0.024725  gram  arsenic  trisulphide  (the  amount  found  by 
titration  in  numbers  i,  2,  4,  and  5  in  Table  2).  The  average 
loss  was  found  to  be  o.ooi  gram  silver,  which,  added  to  the 
amounts  in  Table  i,  gave  an  average  result  agreeing  very 
closely  with  those  of  the  above  numbers  in  Table  2. 

Following  is  Table  i  corrected  for  loss  of  silver  in  scorifica- 
tion  and  cupellation : 

Table  3. 

Silver  found  as  Silver  after     Calculated  amount  of 

No.  of  deter-  per  Table  i.  correction.       arsenic  trisulphide. 

nination.  Gram.  Gram.  Gram. 

I 0.063915  0.064915  0.024648 

2 0.06324  0.06424  0.024392 

3 0.06472  0.06572  0.024954 

4 0.06345  0.06445  0.024472 

5 0.065075  0.066075  0.025089 

6 0.063675  0.064675  0.024457 

Average  amount  of  arsenic  trisulphide  •  -  •  •  0.D24670 

One  gram  of  leucopyrite  was  fused  and  made  up  to  500  cc. 
Portions  of  fifty  cc.  were  treated  as  above  and  titrated  with 
potassium  thiocyanate  (i  cc.  =0.0017536  gram  arsenic). 
Results  were  as  follows  : 

Tabi,e  4. 

standard  solution 
of  potassium  ttaio- 
No.  of  deter-  cyanate.  Arsenic  found.      Arsenic  in  ore. 

mination.  cc.  Gram.  Per  cent. 

I 7.0  0.012275  12.275 

2 7.0  0.012275  12.275 

3 7.0  0.012275  12.275 

4 7.0  0.012275  12.275 

Laboratory  Agricultural  College  op  New 
Mexico,  Mesilla  Park,  N.  M. 


A  SIMPLE  VOLUMENOMETER. 

By  C.  E.  Linebargei^. 

Received  February  14.  1899- 

McKENNA'  has  recently  described  a  **  New  Apparatus  for 
the   Determination   of   Volume,"    which    resembles   in 
several  respects  one  which  I  have  devised  and  have  been  using 

1  This  Journal.  9X,  50  {1899). 
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for  some  time  past.  While  in  accuracy  and  ease  of  manipula- 
tion my  apparatus  possibly  does  not  surpass  McKenna's,  it  has 
the  advantage  of  being  readily  constructed  out  of  pieces  of 
apparatus  found  in  almost  any  laboratory,  and  also  allows  a  very 
easy  recovery  of  the  solid  whose  volume  has  been  determined. 

A  wide-mouthed  bottle  (two-ounce)  is  fitted  with  a  twice-per- 
forated rubber  stopper  or  cork,  if  the  liquid  used  attacks  rubber. 
Through  one  of  the  holes  is  passed  a  ten  cc.  pipette,  graduated 
in  tenths  of  a  cc.  and  permitting  of  the  estimation  of  y^  cc. 
Through  the  other  hole  passes  a  funnel  tube  with  a  short  stem 
bearing  a  mark  just  below  the  widened  part.  The  stem-end 
must  be  flush  with  the  lower  surface  of  the  stopper  so  that  the 
bottle  may  be  completely  filled  with  liquid  without  imprisoning 
any  air-bubbles.  A  long  piece  of  rubber  tubing  is  attached  to 
the  upper  end  of  the  stem  and  provided  with  a  good  pinch-cock 
of  any  sort. 

To  use  the  apparatus,  it  is  filled  with  liquid  to  a  little  above 
the  stopper,  great  care  being  taken  to  remove  all  air  bubbles. 
Suction  is  then  applied  to  the  extremity  of  the  rubber  tube  so  as 
to  bring  the  level  of  the  liquid  in  the  funnel  stem  to  the  mark, 
when  the  cock  is  closed.  The  position  of  the  liquid  in  the 
pipette  is  then  noted,  the  hundredths  of  cubic  centimeters  being 
estimated.  A  weighed  amount  of  the  solid  whose  volume  is  to 
be  determined  is  then  placed  in  the  funnel,  and  the  liquid  blown 
up  and  down  gently  until  the  solid  is  all  washed  into  the  bottle. 
The  liquid  is  then  brought  to  the  mark  on  the  funnel  stem  and 
the  new  position  of  the  meniscus  in  the  pipette  read  o£f .  It  is  of 
course  advisable  to  make  several  adjustments  and  readings  of  the 
levels  and  take  their  average. 

To  eliminate  inaccuracy  from  change  of  the  temperature  of 
the  liquid,  the  bottle  may  be  packed  in  a  box  with  some  non- 
conducting material,  as  cotton-wool,  etc.  This  seems  to  be  a 
needless  refinement,  however,  for  the  temperature  of  a  labora- 
tory changes  but  little  during  the  time  required  for  a  determina- 
tion, and  it  is  not  necessary  to  handle  the  bottle,  so  that  it  does 
not  receive  heat  in  that  way.  Moreover,  the  error  is  small  com- 
pared with  the  error  due  to  air  adhering  to  the  particles  of  the 
solid. 

To  show  what  results  may  be  obtained  with  the  apparatus. 
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foil  data  are  given  for  a  series  of  determinations  made  with 
Ceylon  graphite  using  kerosene  as  the  liquid.  The  graphite  was 
mostly  in  the  form  of  a  ver}'  fine  powder,  although  many  pieces 
as  large  as  a  grain  of  wheat  were  present.  The  kerosene  had 
been  dried  by  standing  for  three  years  over  sodium  shavings. 
The  temperature  of  the  liquid  (about  20'')  did  not  change  by 
0.5°  during  the  experiments.  Ten  grams  of  the  graphite  were 
added  each  time. 

Readings  on  PiPBrrB. 

Before  solid 

was  added.  After  solid  After  ten  grams  more 

cc.  was  added.  solid  was  added,  x 

9.92  5.67  1.42 

9.90  5.67  1.44 

9-91  5-64  1.43 

9-91  5-^  1-43 

Volume  of  ten  grams  of  graphite |  S*66-i'43  «  423 


=2.35 


Density  of  graphite 


r  10.00  __ 
J     4.1S  "" 

1  i5:5^=  2.36 
I    4.23 


The  apparatus  was  taken  apart,  cleaned,  dried  and  reassembled, 
and  two  more  determinations  made.  The  volumes  found  were 
4.22  and  4.26,  respectively,  and  the  corresponding  densities  2.37 
and  2.34. 

Of  course,  other  dimensions  than  those  given  above  for  the 
apparatus  may  be  taken.  Also,  if  it  is  desirable  to  know  the 
temperature  exactly,  a  thermometer  may  be  introduced  directly 
into  the  liquid  by  using  a  three-hole  stopper. 


THE  SOLUBILITY,  IN   WATER,  OF   CERTAIN    NATURAL 

SILICATES. 

Bt  Gborob  Stbigbr. 
RaceWed  February  tz.  iSm. 

N  this  Journal  for  October,  1898,  there  is  a  preliminary  paper 
upon  this  subject  by  Professor  F.  W.  Clarke.  The  results 
shown  in  that  paper  were  of  such  a  character,  that  it  was  thought 
worth  while  to  carry  the  investigation  further,  and  an  attempt 
has  been  made  to  show  in  what  degree  the  different  minerals 
are  attacked  by  water  after  long  standing. 


I 
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The  work  was  carried  out  as  follows  :  One-half  gram  of  each 
of  the  finely  ground  minerals  was  weighed  out,  and  placed  in  a 
two  ounce  bottle  with  fifty  cc.  of  water.  These  bottles  were  set 
aside  where  the  temperature  remained  about  70**  F.  for  one 
month,  and  were  shaken  from  time  to  time.  At  the  end  of  the 
period  all  were  filtered,  and  the  solutions  were  titrated  with  a 
standard  hydrochloric  acid  solution,  methyl-orange  being  used 
for  an  indicator. 

What  has  gone  into  solution  by  this  treatment  I  cannot  say, 
sometimes  soda,  sometimes  potash,  possibly  sometimes  lime,  but 
for  the  sake  of  comparison  the  results  in  the  following  table  have 
been  calculated  in  terms  of  Na,0 ;  although  the  percentage  of 
sodium  is  very  small  in  some  of  the  specimens.  I  have  given 
also  in  another  column,  the  percentage  of  the  combined  alkalies 
as  shown  by  analysis  of  specimens  from  the  same  localities. 

E^  0 

o«  ® 

e  »*  ' 

.M  68 

♦;—    •  4*  O 

Formula.  ^  c  ^  S>« 

Pectolite,  Bergen  Hill,  N.  J Ca,(Si08)sNaH  9.11  0.57 

Muscovite Al,(Si04)3KH,  10.00  0.32 

Natrolite,  New  Jersey Al,(Si04)8Na2H4  '5  79  0.30 

Lintonite,  Lake  Superior Alg(Si04)6(CaNa,)3.7H,0  5.92  0.29 

Phlogopite,  Edwards,  N.  ¥••••  Al(Si04)sMg3KH,      •  9.32  a22 

Lau  montite Al^SiOASisOeCa^HsO  i.oo  0.18 

Lepidolite.  Maine {  ^,^l;^\i^;°4si,0.),  '^'^  ^^'^ 

Elseolite,  Litchfield,  Maine* •••  Al,(Si04)sNas  21.17  ^-^^ 

Heulandite,  Nova  Scotia Ale(Si,0g)e(CaNa,),.i6H,0  2.00  0.13 

Ortboclase KAlSijOg  16.00  0.11 

Analcite NaAl(SiOs)s.HsO  14.00  o.zo 

Oligoclase,  Bakersville,  N.  C  . .    |  a1  CaSi*0?  }  9*'^       ^'°^ 

Albite AlNaSisOg  12.10       0.07 

Wernerite,  St  Lawrence  Co.,N.Y  |  ^a  aVsV  o"  CI }  "'^  ^'^ 

Leucite,  Vesuvius,  Italy KAl(SiOs),  21.39  ^-^ 

Stilbite,  Nova  Scotia Al,(Si808),(CaNa,).6H,0  i.oo  0.05 

Chabazite,  "         "     Al,Si04Si,08(CaNa,).6H,0  7.10  0.05 

It  is  worth  noting  in  comparing  the  depth  of  color  produced 
by  phenolphthalein  solution,  as  shown  in  Professor  Clarke's 
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paper,  with  the  percentage  of  alkali  in  solution  as  shown  in  this 
work,  that  some  of  the  minerals  which  give  a  deep  coloration 
with  the  former,  show  in  the  above  table  a  comparatively  small 
amount  of  alkali  in  solution,  and  vice  versa,  Muscovite  for 
example  while  giving  only  a  faint  coloration  with  phenolphthal- 
ein,  contained  in  solution  alkaline  compounds  equivalent  to 
0.49  per  cent.  K,0;  pectolite,  with  0.57  per  cent.  Na,0,  being 
the  only  one  of  the  series  showing  a  larger  amount. 

I  hope  in  the  near  future  to  be  able  to  carry  this  investigation 
further. 

Laiioratory  of  the  U.  S.  Gkul.  Survey. 
February  9.  1899. 


[Contribution  from  the  Havemever  Laboratories  of  Columbia 

University.    No.  6.] 

A   METHOD    OF    ANALYSIS   FOR  CANNED  CONDENSED 

MILK.' 

By  F.  S.  Hyde. 

Received  Fehruary  17,  i8m- 

BEFORE  proceeding  with  the  analysis,  it  may  be  desirable 
to  ascertain  the  approximate  specific  gravity  of  the  sample 
as  follows : 

Weigh  the  can  with  its  contents.  Then  remove  contents, 
replace  with  water  to  the  top,  and  weigh  again.  Weigh  empty 
can  (sufiSciently  dried)  and  ascertain  weights  of  milk  and  water 
separately.  Divide  the  weight  of  condensed  milk  by  the  weight 
of  water  as  a  standard,  and  the  quotient  is  the  specific  gravity 
of  the  condensed  milk  (near  enough  for  practical  purposes). 

The  specific  gravity,  which  is  not  a  matter  of  great  importance, 
may  vary  from  1.27  to  1.37,  according  to  the  quantity  of  cane- 
sugar  added,  or  according  to  the  relative  amounts  of  fat  and 
albuminoid  material  in  the  milk  used  for  condensation.  That 
is,  milk  d.cficient  in  fat  may  show  an  increment  in  gravity  irre- 
spective of  the  amount  of  sugar  added. 

As  to  the  method  of  analysis :  the  contents  of  the  can, 
together  with  any  portions  of  crystallized  sugar,  which  may 
adhere  to  the  bottom  of  the  can  like  a  hard  mealy  mass,  are 
transferred  to  a  beaker  and  stirred  vigorously  until  the  mass 

iRead  before  the  New  York  Section  of  the  American  Chemical  Society,  Feb- 
ruary 10, 1899. 
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becomes  thinner  and  of  the  same  consistency  throughout.    Then 
make  stock  solution  as  follows  : 

Stock  Solution, — Weigh  out  twentj'-five  grams  of  the  condensed 
milk  and  to  this  add  seventy-five  cc.  water  at  ordinary  tempera- 
ture. This  gives  approximately  loo  grams  solution  (of  which 
twenty-five  grams  are  condensed  milk)  of  very  nearly  the  con- 
sistency of  cow's  milk. 

The  writer  attempted  to  simplify  the  method  by  taking  ali- 
quot parts  of  the  stock  solution  for  the  various  determinations, 
instead  of  weighing  the  different  portions.  Comparisons  of  the 
two  methods  gave  discrepancies  of  three  to  five  per  cent,  and  the 
method  of  weighing  was  adopted  as  the  more  accurate,  since  an 
error  of  one-tenth  cc.  in  measuring  out  five  cc.  for  total  solids 
may  involve  a  difference  of  from  one  to  two  per  cent,  in  the 
result.  All  results  must  be  multiplied  by  four,  since  the  con- 
densed milk  is  diluted  to  one-fourth  its  strength;  ot>.,  each 
gram  of  solution  should  contain  one-fourth  gram  of  original  con- 
densed milk. 

Total  Solids. — Weigh  out  about  five  grams  stock  solution  in 
previously  weighed  lead  capsule  (bottle  cap  two  and  one-half 
inches  in  diameter)  or  platinum  dish.  Evaporate  on  the  water- 
bath  to  dryness.  Finally  heat  in  air-bath  at  lOo**  C.  for  fifteen 
minutes.  Cool  and  weigh.  Calculate  the  percentage  and 
multiply  by  four. 

Fat, — By  Adams'  coil,  weigh  quantity  (five  or  six  cc.)  of 
stock  solution  in  smallest  beaker,  recording  weight  of  beaker 
and  solution  together.  Without  removing  beaker  from  balance 
pan,  insert  the  coil.  When  a  sufficient  quantity  of  solution  has 
been  absorbed,  withdraw  the  coil,  and  reweigh  the  beaker  with 
its  residual  contents.  The  difference  is  the  weight  of  milk  taken 
up  by  coil.  Dr>'  coil  in  air-bath  at  100*"  from  four  to  five  hours, 
and  extract  with  ether  in  the  usual  manner,  employing  a 
Soxhlet  or  Knofler  apparatus.     Multiply  the  result  by  four. 

Milk-sugar. — Dilute  ten  grams  stock  solution  to  100  cc. 
Titrate  direct  with  Fehling's  copper  solution.  Calculate  the 
percentage  and  multiply  by  four. 

Cane-su^ar, — Weigh  ten  grams  stock  solution  in  a  No.  2 
beaker.  Add  about  fifty  cc.  water  and  five  cc.  ( i  :  10)  citric  acid 
solution.     Boil  ten  minutes.     The  citric  acid  inverts  the  cane- 
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sugar,  but  not  the  milk  stigar.   Condensed  milk  solutions  do  not 
coagulate  readily  with  citric  acid,  hence  filtration  is  superfluous. 
Cool  the  solution  and  neutralize  with  a  solution  of  caustic 
potash,  using  litmus  paper,  and  make  up  to  250  cc.     Titrate 
direct  with  Pehling's  solution  in  casserole  over  low  flame.   Make 
a  duplicate  titration  to  check  results.     Calculate  reduction  as 
due  to  cane-sugar,  and  then  deduct  milk  sugar  in  terms  of  cane. 
The  Pehling's  copper  solution  should  contain  69.28  grams  copper 
sulphate  per  liter  (five  cc.  equal  to  0.05  gram  glucose).     On 
mixing  equal  volumes  of  the  copper  and  alkaline  tartrate  solu- 
tions: 
Ten  Qc.  should  equal  0.0500  gram  glucose. 
Ten  cc.  should  equal  0.0678  gram  milk  sugar. 
Ten  cc.  should  equal  0.0475  gram  cane-sugar  (by  inversion). 
Example  : 

Suppose  10.16  g^ms  stock  solution  are  taken,  inverted,  and 
made  up  to  250  cc.  as  above ;  and  suppose,  on  titration,  nine  cc. 
of  this  diluted  solution  is  found  equivalent  to  0.0475  gram  cane- 
sugar.  Then  250  cc.  should  contain  i. 3194  grams  cane-sugar, 
or  12.98  per  cent,  (if  all  sugar  in  10.16  grams  stock  solution  be 
calculated  as  cane) .  Since  the  stock  solution  is  one-fourth  the 
strength  of  the  original  condensed  milk  by  dilution,  then  12.98 
per  cent,  cane-sugar  multiplied  by  four  equals  51.92  per  cent, 
cane-sugar.  Now  deduct  the  per  cent,  of  milk  sugar  in  terms  of 
cane-sugar.  Assume  that  milk  sugar  has  been  found  to  be  12.796 
per  cent.,  which  is  equivalent  to  8.96  per  cent,  cane-sugar;  then 
51.92  per  cent,  minus  8.96  percent,  equals  42.96  per  cent,  cane- 
sugar  as  such. 

It  will  be  observed  that  while  the  method  of  calculation  is  not 
new,  yet  the  results  obtained  are  dependent  on  the  manner  of 
making  up  the  milk  solution,  and  weighing  the  quantities  taken 
for  analysis,  instead  of  taking  aliquot  portions,  as  in  the  old 
methods. 

Casein^  Albumen  and  Salts, — The  difference  between  milk 
solids,  and  the  sum  of  the  milk  sugar  and  fat,  is  casein,  albumen, 
and  salts.  For  proteids  alone,  make  a  nitrogen  determination 
by  the  Kjeldahl  method. 

Water. — The  difference  between  100  per  cent,  and  the  per 
cent,  of  total  solids  gives  per  cent,  of  water. 
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MUk  Solids. — Subtract  cane-sugar  from  total  solids. 

Ask, — The  content  of  ash  varies  with  amounts  of  cane-sugar 
present.  It  may  be  determined  by  igniting  total  solids  in  a 
platinum  dish. 

Degree  of  CantUnsation, — ^This  depends  on  the  extent  of  con- 
densation at  factory,  as  well  as  the  amount  of  total  solids  in  the 
original  cow's  milk  used.  It  is  rather  an  uncertain  figure,  since 
skimmed  milk  might  be  used.  Calculation  is  usually  made  by  di- 
viding the  percentage  of  milk  solids  in  the  condensed  milk  by  12.5 
per  cent.,  the  average  for  ordinary  cow's  milk.  Some  recom- 
mend calculation  based  on  the  percentage  of '  solids  not  fat.'' 

In  regard  to  the  determination  of  cane  and  milk  sugars  in 
condensed  milk  with  Pehling's  solution,  when  the  milk  solutions 
are  sufficiently  dilute,  the  end-reaction  may  be  easily  determined 
without  the  use  of  the  ferrocyanide  indicator  and  the  consequent 
loss  of  time  in  preparing  ferrocyanide  solutions  and  making 
filtrations  will  be  avoided. 

The  condensed  milk  solution  is  titrated  directly,  withont 
coagulation  and  filtration,  in  a  fouc-inch  casserole  over  a  low 
Bunsen  flame.  When  the  titration  is  nearly  completed  it  will  be 
noticed  that  the  red  precipitate  of  cuprous  oxide  and  organic 
matter  seems  to  suddenly  collect  and  settle,  on  removal  of  the 
heat,  leaving  a  clear  supernatant  liquid  which  may  be  either 
bluish  or  yellowish,  according  as  the  titration  is  "under"  or 
*'  overrun."     This  is  all  the  more  apparent  in  a  casserole. 

If  the  supernatant  liquid  is  still  slightly  bluish,  when  tilted 
against  the  white  sides  of  the  casserole,  a  few  drops  more  of  the 
milk  solution  will  discharge  the  color,  such  decolorization  being 
the  end-reaction.  This  end-reaction  has  been  carefully  com- 
pared with  the  ferrocyanide  indicator,  and  the  difference  is  too 
small  to  be  of  practical  importance,  when  rapidity  is  an  essential 
feature  of  the  analysis. 

With  very  little  practice,  the  eye  becomes  accustomed  to  the 
change  (discharge  of  color)  and  the  value  of  the  method  can 
best  be  appreciated  when  it  is  necessary  to  execute  several  an- 
alyses in  a  short  space  of  time. 

Citric  acid  employed  for  the  inversion  of  the  cane-sugar,  not- 

t  See  McGiU  :  Analyst,  May,  1898,  p.  ia8. 
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withstanding  statements  of  various  authors  to  the  contrary, 
usually  does  not  produce  coagulation  in  condensed  milk  solu- 
tions, even  on  boiling.  Unless  necessary  to  resort  to  prolonged 
operations  for  coagulation  and  filtration  with  special  reagents,  it 
is  advisable  to  make  use  of  dilute  solutions  directly,  and  avoid 
any  errors  in  coagulation  and  filtration,  which  might  not  com- 
pensate for  discrepancies  in  titration. 

It  is  generally  admitted  that  the  presence  of  organic  matter, 
other  than  sugar,  exerts  a  reducing  action  on  Pehling's  solution 
while  at  the  same  time  concentration  by  evaporation  and  rapidity 
of  titration  also  influence  the  results,  so  that,  whether  coagula- 
tion and  filtration  are  employed  or  not,  the  final  results  cannot 
be  considered  as  absolute. 

The  amount  of  cane-sugar  averages  between  thirty  and  forty 
per  cent.,  and  the  fat  below  twelve  per  cent.,  which  is  not  sur- 
prising in  a  manufactured  article.  In  the  so-called  evaporated 
milks  or  creams,  the  cane-sugar  is  usually  absent.  The  pres- 
ence of  cane-sugar  seems  to  be  essential  as  a  preservative  and  to 
make  the  canned  condensed  milk  palatable.  Polarimetric 
methods  may  be  employed  for  estimating  the  sugars,  but  extra 
reagents  are  required  for  clarifying  the  solutions,  besides  a  cor- 
rection for  the  volume  of  precipitated  solids.*  The  old  Fehling 
method  is  quicker  and  the  results  quite  satisfactory.  Again,  it 
is  claimed  that  the  heating  during  the  process  of  manufacture  of 
condensed  milk  alters  the  rotatory  power  of  the  milk  sugar, 
while  its  power  to  reduce  alkaline  copper  solutions  is  not 
seriously  affected. 

In  the  Report  of  the  Brooklyn  Health  Department  for  18^5 ^ 
p.  270,  will  be  found  a  list  of  condensed  milk  analyses,  which,  with 
two  or  three  exceptions,  were  performed  by  the  writer  according 
to  the  method  submitted.  The  results  are  hereby  appended  for 
ready  reference  : 

1  See  Leffmann  and  Beam's  Analysis  of  Milk  and  Milk  Products,  (/J9tf),  pp.  7o-73- 
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Condensed  Milks  Analyzed  during  1895. 

Casein,  alba- 
men,  aaltSf 
ToUl  Milk  Milk  Cane-  etc.,bydif. 

Brand.       solids.  solids.         su^ar.  sui^ar.  Pat.  ference.        Water. 

A 77-56  40.78  14.04  36.78  9.53  '7-21  22.4i 

B 78.04  44.22  10.14  33.82  10.56  23.5.1  21.96 

C 7512  41.96  15.71  33.16  8.92  17.33  24.88 

D 75.32  37.36  12.28  37.96  9.04  16.04  24.68 

E 76.72  36.72  9.50  38.00  8.84  20.38  23.28 

F 78.82  44.92  10.64  33.90  10.35  23.93  21.18 

G 74.72  41.71  13.12  33.01  7.84  20.75  25.2S 

H 77.12  42.28  12.80  34.84  9.80  19.68  22.88 

I 77.72  45-8r  11.96  31.91  9.52  24.33  22.88 

J 71.16  38.25  12.52  32.91  9.04  16.69  28.84 

K 76.40  39.91  11.92  36.49  8.68  19.31  23.60 

L   79.12  47.29  11.06  31.83  10.38  25.85  20.88 

M 75.64  42.73  17.20  32.91  9.18  16.37  24.36 

N 74.96  40.37  12.24  34.59  9.92  18.21  25.04 

0 77.56  43.21  10.76  34.35  8.40  24.05  2244 

P 77.72  45.91  12.56  31.81  8.56  24.79  22.28 

Q 75.76  46.82  10.84  28.94  10.03  25.95  24.24 

R 73.72  30.76  12.79  42.96  8.07  9.89  26.2S 

S 35.24  35.24  12.32  none  11.82  ii.io  64.76 

T 34.33  34.33  11.27  none  9.76  13.30  65.67 

U 30.46  30.46  10.15  none  6.73  13.58  69.54 

The  last  three  analyses  represent  so-called  "Evaporated 
Milks/'  containing  no  cane-sugar. 

A  law  of  New  York  State,*  requires  that  no  "condensed  milk 
shall  be  made  *  *  *  *  unless  the  proportion  of  milk  solids 
shall  be,  in  quantity,  the  equivalent  of  twdve  per  centum  of 
milk  solids  in  crude  milk,  and  of  which  solids  twenty-five  per 
centum  shall  be  fats.'* 

Generally,  the  amount  of  fat  in  condensed  milk  is  less  than 
ten  per  cent,  of  the  whole,  or  less  than  twenty-five  per  cent,  of 
the  forty  per  cent,  (more  or  less)  milk  solids  of  which  the  fat  is 
apart. 

The  original  cow's  milk  used  may  be  considerably  above 
legal  standard,  and  yet  the  degree  of  condensation  be  insufficient 
to  bring  the  manufactured  article  within  the  requirements  of  the 
law.  Under  such  conditions,  the  manufacturer  might  be  liable 
to  prosecution ,  although  the  product  might  be  perfectly  wholesome. 

As  to  preservatives,  the  manufacturers  seem  to  depend  almost 
entirely  on  the  use  of  cane-sugar  in  sufficient  quantity. 

1  Sec.  25,  Chap.  143,  L.,  1894. 
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ON  RECENT  PROGRESS  IN  PHOTOCHEMISTRY.* 

The  term  **  photochemistry,"  as  we  intend  to  treat  it,  is  to  be 
taken  in  a  broader  sense  than  that  which  is  usually  accorded  to 
it.  It  is  proposed  to  express  by  it  more  than  the  influence  which 
light  exerts  in  stimulating  chemical  activity.  The  chemical 
manipulations,  reactions,  and  general  manifestations  are  all 
instrumental  in  bringing  about  the  visible  effects  of  this  action 
and  should  not  be  isolated  from  it  in  treating  the  subject. 

I^et  us  confess  at  the  outset  that  the  influence  which  light  ex- 
erts upon  silver  haloids  is  still  enigmatical.  We  cannot  even 
to-day  say  positively  what  occurs  in  this  case,  chemically  speak- 
ing. It  cannot  be  said  without  decisive  proof  that  a  subhaloid 
or  a  perhaloid  has  been  produced,  nor  can  we  prove  that  silver 
has  been  reduced  to  the  metallic  state. 

We  may  perhaps  be  permitted  to  suppose  a  transformation  of 
the  vibrations  which  we  call* light  into  those  which  may  be 
called  chemical  vibrations. 

When  light  vibrations  impinge  upon  a  mixture  of  hydrogen 
and  chlorine,  it  is  surely  not  merely  havoc  which  results,  but  a 
rythmic  system  is  produced.  With  bromine  and  hydrogen  this 
action  takes  place  in  a  similar  manner,  but  at  higher  tempera- 
tures. Heat  vibrations  as  well  as  light  vibrations  are  here  per- 
haps transformed  into  chemical  vibrations. 

It  requires  great  strength  of  scientific  faith  to  believe  that  in 
all  these  actions  the  light  vibrations  play  merely  the  part  of  that 
famous  tip  of  an  eagle's  wing,  which,  accidentally  disturbing  the 
repose  of  a  snowflake,  causes  the  avalanche  to  proceed  upon  its 
destructive  path  downward  into  the  valley. 

That  light  vibrations  on  impinging  upon  a  chemical  com- 
pound, such  as  silver  bromide,  turn  latent  within  this  compound 
without  really  decomposing  it,  has  long  since  been  virtually 
shown  by  the  fact  that  those  parts  of  a  photographic  dry  plate, 
thus  affected,  really  exhibit  this  condition  by  the  readiness  with 
which  they  are  attacked  by  reducing  agencies,  suitably  applied. 
This  manner  of  looking  at  the  developing  of  a  photographic 
negative  has  never  as  yet  been  attempted,  or  if  so,  not  to  our 
knowledge. 

This  conception  is  in  no  way  rendered  invalid  by  the  recent 
observation  of  T.  Sterry,  that  an  exposed  but  not  developed  dry 
plate  may  be  freed  from  unchanged  bromides  by  immersion  into 

*  Read  before  the  New  York  Section  of  the  American  Chemical  Society,  Decem- 
ber 9,  189S. 
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sodium  hyposulphite  solution,  and  after  this  has  been  done  it 
may  be  developed  in  gaslight  by  a  developer  containing  silver 
nitrate.  Sterry  assumes  that  in  reality  two  latent  pictures  exist 
within  the  exposed  film,  the  first  of  which  he  calls  the  inorganic, 
the  second,  Just  mentioned,  the  organic  one.  If  our  own  con- 
ception is  upheld  this  differentiation  would  be  needless,  because 
the  hyposulphite  solution  does  not  dissolve  the  parts  of  bromide 
that  had  been  altered,  perhaps  by  reason  of  changed  stress  with- 
in the  molecule. 

The  following  facts  pointing  in  the  direction  of  the  views 
above  stated  maj'  be  cited  : 

Attention  in  the  first  place  is  called  to  the  well-known  appear- 
ances concerning  phosphorescence  paint.  It  is  impossible  to  be- 
lieve that  the  light  vibrations  are  merely  ** bottled  up"  within  the 
luminous  paint,  for  the  light  given  off  is  never  of  the  same  qual- 
ity as  the  light  received. 

A  very  simple  experiment  shows  this :  A  glass  plate,  upon 
which  a  smaller  ruby  glass  plate  is  allowed  to  rest,  is  coated  with 
luminous  paint  and  exposed  to  sunlight.  After  some  time  the 
plates  are  taken  into  a  semi-dark  room,  and  we  observe,  on  re- 
moval of  the  ruby  glass,  that  the  part  which  has  been  covered 
appears  bright  lemon-yellow,  while  the  rest  of  the  plate  shines 
with  its  peculiar  lavender-colored  hue. 

The  red  waves  have  in  this  instance  been  changed  into  yellow 
ones.  Or,  if  the  rubj'  glass  should  have  allowed  yellow  waves 
to  pass  through  (which,  however,  is  not  likely)  we  must  con- 
clude that  the  red  waves  had  been  absorbed. 

If  we  use  for  the  purpose  of  expressing  the  difference  of  color 
between  the  light  receiyed  and  that  emitted  the  terms,  bor- 
rowed from  electric  terminology,*  **  step-up,"  and  ** step- 
down,"  we  have  in  our  experiment,  just  described,  to  do  with  a 
**step-up."  With  blue  glass,  under  similar  conditions,  we  obtain 
a  more  reddish  yellow,  a  **step-down." 

In  order  to  show  how  the  vibrations  communicated  in  some 
way  to  the  phosphorescent  plates  may  be  made  to  further  exert 
their  activity,  I  shall  now  refer  to  the  experiments  of  Prof.  Zen- 
ger,  director  of  the  observatory  at  Prague.  Zenger  exposed 
a  phosphorescent  plate  in  a  camera,  provided  with  a  prism, 
to  the  solar  spectrum.  He  obtained  a  picture  of  the  same 
in  its  entire  length,  from  ultra-red  to  ultra-violet.  We  may 
remark  incidentally  that  Fraunhofer's  lines  appear  on  the  phos- 
phorescent plate  as  bright  lines  in  the  red  and  as  dark  lines  in 
the  violet  part  of  the  spectrum.  Zenger  proceeded  then  to  face 
the  phosphorescent  plate  in  a  printing  frame,  in  the  dark  room, 
to  a  sensitive  dry-plate.  Later  on  he  developed  the  dry  plate 
and  thus  obtained  a  permanent  picture  of  the  spectrum. 

I  See  W.  Goold  Levison  :  On  a  system  of  classification  of  luminescent  substances, 
New  York  Academy  of  Sciences,  December  5,  1898. 
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In  speaking  about  phosphorescence  we  must  not  forget  to  call 
attention  to  the  recent  research  of  Wiedemann  and  his  co-work- 
ers. The  facts  most  interesting  to  us  about  these  observations 
are  those  of  transformation  of  radiant  energy  into  chemical 
energy  and  vice  versa  of  chemical  into  radiant  energy.  Wiede- 
mann introduced  a  new  terminology  for  the  generic  word  phos- 
phorescence. He  calls  all  the  pertaining  phenomena  collect- 
ively **  luminescence,*'  of  which  phosphorescence  is  only  a 
special  case. 

We  may  call  the  fact  of  a  body  becoming  luminous  *normar  if 
primarily  the  oscillations  caused  by  the  agency  of  heat  are 
increased  to  such  a  degree,  that  different  oscillations,  which  we 
recognize  as  light,  are  produced.  But  besides  this  kind  of  gen- 
eration of  light  we  know  another  one  in  which  external  causes, 
without  corresponding  increase  of  temperature,  produce  light. 
This  second  kind  of  exciting  light  Wiedemann  calls  lumines- 
cence. 

Photoluminescence  is  then  produced  by  light  as  an  impinging 
cause.  This,  according  to  its  persistence  or  to  its  instantaneous 
appearance,  has  to  be  termed  phosphorescence  or  fluorescence. 
Electric  discharges,  causing  light  appearances  in  gaseous  bodies, 
produce  electroluminescence.  We  notice  that  Wiedemann  found 
that  even  here  the  temperature  lies  frequently  far  below  the  tem- 
perature sufficient  to  cause  the  incandescence  of  such  gases. 

Light  caused  by  certain  chemical  processes  is  called  *'  chemi- 
luminescence;"  that  produced  by  gentle  warming,  e,  g.,  of  fluor- 
spar **  thermoluminescence.*'  Light  appearances  caused  by 
friction  are  called  **  triboluminescence  ;"  by  crystallization 
are  called  **  crystalloluminescence;'*  and  by  solution,  **lyolu- 
minescence." 

Without  attempting  to  enter  in  detail  upon  this  new  and  inter- 
esting field  of  study  we  allow  our  attention  to  be  drawn  to  some 
experiments  of  chemical  interest.  Lenard  and  Wolf  found  that 
if  a  photographic  negative,  newly  developed  by  means  of  (pot- 
ash) alkaline  pyrogallol  and  sodium  sulphite,  is  slightly  washed 
and  then  put  into  the  alum-bath,  in  the  dark,  that  in  the  first 
instance  the  plate  and  subsequently  the  entire  bath  appear 
highly  luminous.  They  obser\'ed  the  phenomenon  in  develop- 
ing a  stellar  photograph  and  sought  for  the  cause.  Chandler 
supposed  the  sensitive  film  to  be  the  cause.  Phosphorescence, 
induced  by  alumina  precipitated  by  potash,  was  excluded.  A 
true  chemiluminescence  was  found  to  obtain.  This  luminescence, 
however,  did  not  take  place  if  alumina  was  not  precipitated.  We 
know  that  an  excess  of  potash  as  well  as  of  alum  may  prevent 
such  precipitation.  On  the  other  hand,  precipitation  was  not 
always  accompanied  by  luminescence.     If  sodium  sulphite  or 
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pyrogallol  were  left  out  of  the  solution,  the  most  perfect  precipi- 
tation without  luminescence  occurred. 

In  short,  though  the  proportions  of  the  developer  were  changed 
in  many  ways  it  was  not  only  shown  that  sulphite  must  not  be 
present  in  excess  nor  in  too  small  quantities  (above  1.25  per 
cent,  or  below  0.13  per  cent.),  in  order  to  produce  the  effect ;  in 
the  same  way  an  excess  of  pyrogallol  above  0.3  prevented  it,  but 
0.005  per  cent,  pyrogallol  sufficed  to  produce  it.  Evidently,  in 
order  to  successfully  perform  the  experiment,  a  fifth  substance, 
not  intentionally  introduced  into  the  developer,  was  at  work 
right  along.  Observation  showed  that  the  precipitated  alumi- 
num hydroxide  after  luminescence  had  occurred,  had  carried 
down  all  the  pyrogallol,  the  supernatant  liquid  was  colorless,  the 
precipitate  yellow.  Suspicion  was  aroused  that  alumina,  in  its 
finely  divided  condition,  had  fixed  upon  its  surface  not  only  all 
of  the  pyrogallol  but  also  oxygen,  which  was  proved  to  be  the 
sought-for  fifth  substance.  The  luminescence  was  the  conse- 
quence of  a  sudden  energetic  oxidation  of  pyrogallol. 

The  proof  was  rendered  in  many  ways.  The  experiment  was 
performed  in  presence  and  in  absence  of  air.  In  the  first  case 
luminescence  occurred,  in  the  latter  not.  A  further  experiment 
was  performed  in  presence  of  oxygen,  when  luminescence 
appeared  brighter  than  ever. 

A  conundrum,  however,  was  offered  in  the  fact  that  sodium 
sulphite,  an  oxygen  consumer,  purposely  added  to  developers  to 
prevent  spontaneous  oxidation  of  pyrogallol  {e.g.)  was  never- 
theless necessary  to  bring  about  the  phenomenon. 

The  curious  fact  was  experimentally  established  that  the  pyro- 
sodium  sulphite  potash  developer  used  up  oxygen  less  swiftly 
than  did  pyropotash  alone,  thus  the  developer  containing  sul- 
phite remains  richer  in  free  oxygen  than  without  it. 

This  is  one  example  of  true  chemiluminescence  caused  by 
oxidation  of  pyrogallol. 

Another,  still  more  interesting,  example  of  chemiluminescence 
is  offered  by  the  appearance  of  what  was  formerly  called  **  sea- 
phosphorescence.''  This  luminous  appearance  of  the  ocean, 
according  to  newer  researches  6f  Otto,  is  the  consequence  of  oxi- 
dation of  organic  matter  by  means  of  ozone.  Water,  introduced 
together  with  ozone  into  the  apparatus  shown  in  the  accompany- 
ing figures,  will  turn  highly  luminous  upon  agitation.  Distilled 
water  will  not  show  the  effect,  but  upon  addition  of  urine,  alco- 
hol, benzene,  or  other  suitable  oxidizable  material,  luminosity 
will  appear. 

It  may  be  of  use  to  those  present  interested  in  photography, 
to  say  a  few  words  about  the  changes  in  developers.  There  is  in 
the  first  place  a  developer  to  be  mentioned,  producing  color 
tones  in  dia-positives  for  the  purpose  of  projections.     We  all 
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know  how  important  a  factor  is  the  suitable  color  for  a  given 
picture. 

Silver  chloride  gelatine  plates  should  he  used  (similar  to  the 
mixture  on  the  Aristo  papers)  and  the  plates  are  not  printed  out 
under  the  negative.     The  outlines  of  the  picture  must  faintly 


n 


/  \ 


show  in  daylight,  to  which  they  should  be  exposed  for  one  to 
three  minutes,  according  to  the  kind  of  light  and  of  the  nega- 
tive. As  a  uniform  developer,  paramidophenol  is  recommended 
by  Hanneke,  of  the  Berlin-Charlottenburg  photochemical  lab- 
oratory. 

Distilled  water looo  cc. 

Crystallized  sodium  sulphite 50  grams 

Citricacid  8      *' 

Paramidophenol  hydrochloride 7      '* 

In  this  manner  pictures  in  yellowish-brown  tints  are  obtained  ; 
carmoisin,  violet  to  steel  blue  tints,  are  produced  subsequently 
in  a  gold- bath  containing  ammonium  thiocyanate.  Acetone  and 
aldehyde  are  beginning  to  take  the  place  of  alkalies  in  our 
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developers.  The  brothers  Lumi^re  and  Seyewetz  were  the  first 
to  recommend  these  substances. 

Water 500  cc. 

Sodium  sulphite  (double  usual  amount 

to  produce  black  tone) 200  grams 

Concentrated  sulphuric  acid 10  drops 

Pyrogallol 14  grams 

Fifteen  cc.  of  this  and  five  cc.  acetone  and  dilution  to  50-120  cc 
with  water.  Excess  of  acetone  produces  a  greenish  color.  Ace- 
tone is  said  to  harden  the  film.  Consequently  this  developer  is 
of  importance  for  photographic  work  in  tropical  climates.  It  is 
not  necessary  to  use  C.  P.  acetone  but  the  commercial  product 
of  boiling-point  +56'*-58''  C,  which  costs  about  thirty  cents  per 
pound,  suffices. 

Bromide  paper  developed  with  acetone  developer  will  be  found 
free  from  blisters.  The  aldehyde  developers,  in  contrast  to  the 
acetone  developers,  are  rapid  workers  and  they  require  an  ample 
addition  of  potassium  bromide. 

Water 100  cc. 

Sodium  sulphite 15  grams 

Formaline  (forty  per  cent. ) 2  cc. 

Hydroquinone 1.5  grams 

Ordinary  ethyl  aldehyde  (fifty  per  cent.)  can  be  used  also, 
while  benzaidehyde,  acetophenone,  and  benzophenone,  which 
can  only  be  used  in  alcoholic  solution,  are  practically  useless. 
Dr.  Andresen  furnishes  a  list  of  reactions  of  the  current  develop- 
ers.    He  includes  in  his  list  the  following  : 

Amidol  =  Hydrochloride  of  2,4-diamidophenol. 

Eikonogen  =  a-Amido->^-naphthol->5-sulphonic  acid. 

Glycin  =  ^-Oxyphenylglycin. 

Hydroquinone. 

Metol  =  Methyl-/- amidophenyl  sulphate. 

Ortol  =  Methyl-^-amidophenol  sulphate,   mixed  with 

hydroquinone. 
Paramidophenol  hydrochloride. 
Pyrogallol. 

In  regard  to  the  use  of  formalin  for  photographic  purposes  it  is 
a  fact  worth  recording,  that  the  expansion  of  paper,  conse- 
quently any  distortion  whatever  of  the  picture,  may  be  avoided 
by  previous  immersion  of  the  paper  in  a  two  per  cent,  formalin 
solution  and  subsequent  drying. 

The  sensational  news,  which  passed  some  time  ago  through 
our  daily  papers,  embellished  by  appropriate  pictures,  sugges- 
tive of  spiritistic  productions,  were  based  upon  the  observation 
of  Dujardin,  that  imprints  of  the  human  hand  may  be  produced 
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nrithin  the  developing  bath  upon  dry  plates.  It  was  found  that 
the  animal  heat  produced  these  pictures  and  that  a  direct  con- 
tact  of  the  plate  with  the  hand,  only  shielded  by  another  glass 
plate,  is  necessary.  If  the  covering  glass  plate  was  separated 
from  the  dry  plate  (both  in  the  developer)  by  means  of  glass 
rods  or  glass  cubes,  no  action  occurred. 

It  is  gratifying  to  the  chemist  to  observe  how  chemistry  enters 
in  almost  every  direction  as  a  handmaid  into  practical  photo- 
chemical pursuits. 

Lieutenant  Kiesling  has  constructed  a  magnesium  light  appa- 
ratus«  avoiding  the  smoke  attending  the  use  of  this  element. 
He  allows  salt-mouthed  vials  of  250-400  cc.  capacity  filled  with 
dry  oxygen  (directly  from  the  gasometer),  and  containing  mag- 
nesium ribbon  and  a  fuse,  or  an  electric  wire  system,  to  oscillate 
like  a  pendulum.  The  bottom  of  the  little  vials  is  covered  with 
a  small  quantity  of  plaster  of  Paris  or  asbestos.  It  is  said  of 
magnesium  burnt  in  oxygen  that  it  furnishes  a  light  the  actinic 
action  of  which  is  twelve  times  as  great  as  if  burned  in  air.  The 
little  vials  remain  useful  for  twenty-four  hours.  Acetylene  light 
has  also  been  recommended. 

Dr.  Roberts,  Director  of  the  Archaeological  Museum  in  Halle, 
observed  that  in  a  collection  of  silver  coins  of  the  fifth  century 
B.  C.  (Tetradrachms)  had  suffered  a  change  on  the  surface  of  the 
side  exposed  to  light.  The  analysis  of  the  thus  changed  surface 
proved  this  to  consist  of  silver  chloride.  An  attempt  is  made  to 
explain  this  by  showing  that  these  coins  had  for  centuries  been 
resting  in  sand  containing  NaCh  A  coinage  from  silver  con- 
taining silver  chloride  is  excluded  since  the  interior  parts  of  the 
coins  were  proven  to  consist  of  tolerably  pure  silver. 

A  comparatively  new  field  of  research  is  opened  up  by  the 
study  of  what  makes  an  organic  substance  a  developer.  What 
are  the  groups  with  developing  functions  ?  A.  and  L.  Lumidre 
and  Seycwetz  have  studied  the  influence  in  this  direction  of 
alkyl-substitutions  in  groups  possessing  developing  functions. 

As  a  general  rule  it  has  been  granted  that  the  faculty  of 
developing  the  so-called  latent  picture,  exists  in  conlpounds  con- 
taining at  least  two  hydroxyl  groups  in  ortho  or  para  position. 

These  authors  have  studied  the  para-compounds  of  amido- 
phenols  and  of  polyamines  for  which  the  above  rule  was  still 
under  discussion. 

Paraphenylendiamine  and  paramidophenol  were  subjected  to 
alkylization,  and  the  following  substitution -products  were  pre- 
pared and  tested  in  regard  to  their  developing  properties  : 

yNH.CH,  (i) 
I.  Monomethylparaphenylenediamine,  CeH^^ 

^NH.         (4) 
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/N(CH.).  (I) 

2.  Dimethylparaphenylenediamine,  C,HX 

^NH,  (4) 

/N(CH.).  (I) 

3.  Tetramethylparaphenylenediamine,  CeH^^ 

\N(CH.),  (4) 

/OH  (I) 

4.  Monomethylparamidophenol,    CeH^ 

\NH.CH3  (4) 

/OH  (I) 

5.  Dimethylparamidophenol.  C,H^^ 

\N(CH.),  (4) 

/O.CH.  (I) 

6.  Paranisidine,  CcHX 

^NH,     (4) 

The  compounds  i  to  5  are  developers,  i  to  3  may  even  be 
used  as  such  without  the  addition  of  alkali.  6  was  without  de- 
veloping power. 

The  alkylization,  as  far  as  shown,  therefore,  does  not  destroy 
the  developing  power.  We  must  remember  that  the  alkyl-sub- 
stitutions  into  an  amido  group  weaken  its  basic  properties  but 
do  not  entirely  destroy  them.  On  the  other  hand,  if  a  hydroxyl 
of  a  phenol  sufiers  alkylization  the  phenol  properties  are  lost 
entirely  (as  in  6),  as  are  the  acid  properties  in  most  neutral 
salts,  and  the  developing  power  is  correspondingly  lost. 

Leaving  the  chapter  of  the  chemistry  of  developers  we  record 
a  number  of  various  items  of  general  interest. 

Glycerol  has  been  successfully  used  instead  of  alum  in  electric 
light  projection.  The  lenses  as  well  as  the  diapositives  are 
endangered  by  the  high  temperature  of  the  arc  light.  For  the 
celluloid  films  of  the  kinematograph  this  danger  is  obvious. 
The  alum  cell  heretofore  used  is  sometimes  brought  up  to  boil- 
ing and  in  the  best  case  it  will  form  bubbles.  Glycerol  has  been 
used  even  between  the  source  of  light  and  the  condensing  lens. 
After  a  performance  of  two  hours  under  these  conditions  with  an 
electric  lamp  of  2000  candle-power,  the  glycerol  (which  does  not 
form  bubbles  and  boils  at  +290**  C.)  registered  -|-8o°  C.  Pure 
glycerol  being  practically  colorless,  the  light  is  not  in  any  way 
weakened. 

Talking  about  the  kinematograph,  it  may  be  worth  while 
reminding  this  audience  of  the  immense  proportions  which  the 
applications  of  photochemistry  have  assumed  in  this  country. 
Mr.  Dunn  ordered  from  the  Eastman  Co.  three  kinematograph 
films,  each  50,000  feet  long.  Each  film  was  said  to  cost  $10,000. 
The  films  were  intended  to  be  used  at  the  occasion  of  the  Cor- 
bett-McCoy  contest  in  Buffalo,  and  three  apparatus  to  work 
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simultaneously  in  order  to  secure  at  least  one  good  copy.  Each 
film  of  50,000  feet  was  supposed  to  run  for  eighty  minutes  (625 
feet  per  minute)  and  twenty-seven  pictures  were  to  be  taken  per 
second. 

The  use  of  the  most  varying  chemicals  for  photochemical  pur- 
suits is  surely  on  the  increase  and  it  happens  frequently,  as  we 
stated  at  the  outset,  that  the  chemist  is  confronted  with  reactions 
quite  difficult  to  understand. 

A  case  of  this  kind  is  offered  in  the  use  of  ammonium  persul« 
phate  for  the  purpose  of  softening  hard  negatives.  This  techni- 
cal term  means,  in  common  language,  that  a  negative  which 
shows  too  strong  contrast  between  high  lights  and  shadows  has  to 
be  brought  down  to  more  uniform  delineation  by  chemical 
action.  Mechanical  rubbing  down  of  the  denser  parts  by  means 
of  alcohol,  or  local  or  entire  reduction  (as  it  is  styled)  by  means 
of  potassium  ferricyanide  and  sodium  thiosulphate,  were  tedious 
and  sometimes  doubtful  modes  of  procedure. 

The  ammonium  persulphate  in  a  five  per  cent,  aqueous  solu- 
tion has  the  faculty  of  attacking  the  denser  parts,  without  injur- 
ing the  detail  in  the  shadows  of  the  negative.  Ammonium 
persulphate  is  a  salt  of  persulphuric  acid.  We  are  in  this 
instance  agreeably  reminded  of  Kekul^'s  lucid  way  of  showing 
at  a  glance  the  similarities  in  the  constitution  of  compounds. 


.H  ySO,— OH 

H  ^SO— OH 


Water.  Disulphuric  acid  (or 

pyrosulphuric  acid). 

S— H  S— SO,— OH 

I 


S— H  S— feO,— OH 

Hydrogen  persulphide.  Tetrathionic  acid. 

O— H  O— SO,— OH 

I  I 

O— H  O— SO,— OH 

Hydrogen  peroxide.  Persulphuric  acid. 

The  acid  itself  has  not  been  prepared,  but  its  salts  are  in  use 
as  oxidizers.  They  are  mostly  prepared  from  ammonium  per- 
sulphate, which  is  obtained  by  electrolysis  of  ammonium  sul- 
phate. 

The  action  of  ammonium  persulphate  upon  a  negative  is  still 
under  discussion.  While  some  claim  that  a  soluble  double  salt, 
NH,O.SO,.OAg,  is  formed,  others  assert  that  ozone  is  genera- 
ted, as  with  hydrogen  peroxide. 
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There  is  a  chance  for  still  further  study.  We  cannot  conclude 
this  brief  summary  without  referring  to  the  action  of  most  vary- 
ing substances  upon  dry  plates.  Not  only  do  certain  va|X>rs,  but 
also  matter  from  which  no  material  vaporization  can  otherwise 
be  noticed,  attack  the  sensitive  film  of  a  photographic  plate. 

Messrs.  Muraoka  and  Kasuya,  in  Kyoto,  Japan,  made  a  study 
of  the  light  of  glow  worms.  In  addition,  they  experimented  la 
the  direction  just  now  referred  to.  I  quote  their  own  words: 
**  We  also  experimented  with  magnesium  oxide  and  cadmium 
oxide.  The  first  has  no  action,  but  the  latter  shows  a  curious 
behavior,  inexplainable  either  by  radiation  or  vaporization.  We 
took  two  thick  pieces  of  card-board,  A  and  B,  both  of  the  size  of 
a  photographic  dry-plate  ;  from  the  center  of  A  we  cut  out  a 
small  square  and  from  that  of  B  a  large  square.  A  was  put  upon 
a  glass  plate  and  the  square  cut  away  was  filled  with  powdered 
cadmium  oxide.  Then  A  was  covered  with  B  and  the  dry-plate 
was  put  on  top  of  B.  We  expected  to  find  that  the  plate  would 
be  attacked  all  over  the  area  of  the  larger  square  of  B,  since  the 
vapor  from  the  smaller  opening  could  have  easily  spread  to  the 
edges  of  the  larger  square.  But  on  developing  the  plate  it  was 
found  that  the  blackening  was  restricted  to  the  size  of  the 
smaller  square. 

If  A  is  separated  from  B  to  the  distance  of  i  cm.  and  a  copper 
wire  is  stretched  between  the  two  without  touching  them,  no 
blackening  will  be  produced  above  the  copper  wire.  According 
to  this,  a  radiation  appears  to  be  at  work,  but  it  remains  inex- 
plainable why  this  radiation  does  not  also  obliquely  extend  to 
the  larger  square.** 

It  may  interest  you  to  hear  of  experiments  performed  by  my- 
self with  the  view  of  practical  application.  I  faced  daguerreo- 
types to  dry-plates  in  a  printing  frame  and  obtained  faint  but 
very  clearly  outlined  copies.  These  copies  became  more  dis- 
tinct, very  likely  by  contrast,  when  I  exposed  the  frame  to  light, 
the  dry-plate  being  thus  blackened  to  the  extent  of  about  two 
inches  all  around  the  impression  made  by  the  daguerreotype. 

References :  Photographische  Mitteilungen,  January,  1898,  to  Novem- 
ber, 1898. 
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L.  H.  Friedburg, 


A  REVIEW  OP  THE  PRESENT  KNOWLEDGE  OF 
SODIUM  NITRATE,  TOGETHER  WITH  THE 
ORIGIN,  PRODUCTION,  AND  DESTRUC- 
TION  OF  NITRATES  IN  THE  SOIL. 

The  importance  of  nitrates  in  technical  processes,  as  well  as 
in  providing  a  quickly  and  certainly  available  plant  food  for 
admixture  with  chemical  fertilizers,  or  for  use  alone,  by  the 
agriculturist,  cannot  well  be  overestimated.  It  is  comparatively 
a  few  years  since  the  vast  stores  of  sodium  nitrate  in  Chili  have 
been  sufficiently  exploited  to  impress  the  world  with  their 
importance  as  a  source  of  supply  for  the  above  demands,  and  I 
apprehend  that  the  president  of  this  society  felt  that  it  would  not 
be  time  wasted  when  he  invited  me  to  direct  the  attention  of  the 
society  to  the  origin,  and  to  some  of  the  uses  of  sodium  nitrate,^ 
and  also  to  some  of  the  recent  extensions  of  scientific  knowl- 
edge in  regard  to  the  production  of  nitrate  within  the  soil. 

The  rate  at  which  the  use  of  sodium  nitrate  is  increasing  in 
the  United  States,  is  shown  by  the  following  : 

In  1897  the  deliveries  for  January  alone  were  60,000  bags. 

In  1898    •*  **  *'         *'  **         **    80,000 

In  1899    **  **  **         *'  **         '*    90,000 

The  yearly  consumption  in  the  United  States  for  1897,  was 
700,000  bags;  for  1898,  975,000  bags.  The  total  consumption 
of  the  world  for  1897,  was  8,050,000  bags ;  for  1898,  9,235,000 
bags.  A  bag  is  approximately  300  pounds.  The  increased  con- 
sumption in  this  country  during  the  past  year  was  275,000  bags. 
These  figures  refer  only  to  the  Atlantic  ports. 

It  speaks  volumes  for  the  influence  of  scientific  men  upon  the 
development  of  practical  agriculture  in  the  world,  when  we 
remember  that  it  is  scarcely  ten  years  since  the  agricultural 
experiment  stations  and  scientific  investigators  began  to  vigor- 
ously direct  public  attention  to  this  source  of  plant  food.  In 
fact,  in  this  country,  it  has  scarcely  been  so  long,  and  it  is  only 
within  the  last  two  or  three  years  that  our  experiment  stations 
have  been  able  to  readily  procure  it. 
There  are  two  reasons  for  this  rapid  development : 
(i)  The  almost  absolute  certainty  of  securing  satisfactory 
results  when  a  scientific  man  or  a  farmer  uses  it  for  experimental 
or  practical  purposes. 

{2)  The  wonderful  influence  it  has  had  upon  the  development 
of  the  beet-sugar  industry  in  Germany  and  other  parts  of  the 
world. 

I  Read  before  the  New  York  Section  of  the  American  Chemical  Society,  Feb- 
ruary 10, 1899. 
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Its  action  upon  vegetation  is  so  certain  and  so  uniform,  and 
the  demand  of  crops  for  additional  supplies. of  it  in  the  soil  is  so 
universal,  that  an  experiment  station  can  scarcely  mistake  in 
recommending  the  use  of  sodium  nitrate,  where  the  conditions 
affecting  the  production  of  bountiful  crops  are  obscure.  It  is 
probably  the  most  stimulating  fertilizer  in  the  market,  and  while 
the  most  satisfactory  results  can  be  obtained  from  it  when  in 
combination  with  ample  supplies  of  available  phosphoric  acid 
and  potash,  which  if  not  already  found  in  the  soil,  should 
be  applied  to  it  in  order  to  secure  most  bountiful  harvests,  yet 
as  a  special  fertilizer  a  moderate  application  of  nitrate  alone,  on 
most  soils,  proves  highly  remunerative. 

At  present,  the  entire  supply  of  sodium  nitrate  comes  from 
Chili,  although  it  is  found  in  some  other  parts  of  the  world,  but 
not  in  sufficient  quantities  to  compete  in  the  markets  of  the 
world.  The  portion  of  the  west  coast  of  Chili,  where  it  is  found, 
between  latitudes  I9'*i2'  south,  and  25'*45'  south,  extends  over  a 
length  of  approximately  260  geographical  miles.  The  principal 
deposits  are  found  in  the  provinces  of  Tarapaca  and  Antofagasta, 
in  Chili,  and  the  center  of  trade  is  Iquique.  It  exists  in  a  long, 
narrow  strip,  averaging  about  two  and  one-half  miles  in  width, 
extending  along  the  eastern  slope  of  the  Coast  Range,  at  an 
average  distance  of  perhaps  fourteen  miles  from  the  ocean,  bnt 
in  a  number  of  cases  it  is  probably  as  much  as  forty  miles  from 
the  coast.  The  region  where  it  is  found  is  a  rainless  desert, 
absolutely  devoid  of  vegetation.  The  nitrate  beds  exist  at  a 
height  of  from  3,000  to  5,000  feet  above  sea-level,  and  extend 
down  towards  the  valley  of  Tamagruel.  The  following  rough 
skf  tch,  not  drawn  to  scale,  will  ser\'e  to  illustrate  the  charac- 
teristic surface  of  the  portion  of  Chili  where  the  caliche  is  found. 
It  will  be  seen  that  it  lies  between  the  Coast  Range  and  the 
Cordillera. 


A  =  Pacific  Ocean  ;  B  =  Coast  Range  of  Mountains :  C  =  Ixxation  of  Caliche  Beds  ; 

D  =  Valley  of  Tamagruel ;  E  =  Cordillera. 

I  cannot  undertake  the  discussion  of  all  of  the  theories  in 
regard  to  the  origin  of  these  beds,  but  suffice  it  to  say  that  the 
most  satisfactory  explanation  seems  to  be  that  they  have  resulted 
from  the  decay  of  enormous  quantities  of  organic  matter  particu- 
larly .seaweed  which  probably  accumulated  in  a  long,  narrowstrip 
of  water,  somewhat  like  Core  Sound  on  the  coast  of  North  Carolina. 


REVIEWS.  457 

This  accumulation,  in  the -course  of  ages,  was  elevated.  One  of 
the  evidences  of  this  lies  in  the  fact  that  the  remains  of  seaweed 
are  found  in  the  nitrate  deposits.  The  beds  are  500  or  600  feet 
above  the  valley  of  Tamagruel,  and  extend  down  toward  it, 
decreasing  in  value  as  they  approach  it,  until  they  finally  dis- 
appear upon  reaching  it.  The  beds  exist  under  the  following 
conditions,  and  skilled  prospectors  can  generally  locate  the  beds 
with  considerable  certainty  by  the  surface  indications  : 

The  surface  for  a  depth  of  approximately  ten  inches  is  covered 
with  a  layer  of  fine,  loose  sand;  under  the  sand  is  found  a  layer 
of  amorphous  porphyry,  feldspar,  sodium  chloride,  and  other 
mineral  matter,  cemented  together  by  gypsum  into  a  compact 
mass  varying  in  thickness  from  six  to  ten  feet.  This  is  called 
cosim  or  crust.  Under  this  crust  is  found  the  caliche,  or  impure 
sodium  nitrate,  varying  in  thickness  from  a  foot  and  a  half  up 
to  about  twelve  feet.  The  caliche  occurs  in  a  great  variety  of  col- 
ors, as  yellowish  white,  orange,  blue-gray,  and  dirt  color.  This 
deposit  is  a  regular  stratum,  with  all  the  appearances  of  a  rock 
formation,  firmly  cemented  together,  and  is  displaced  from  its 
natural  position,  by  blasting.  The  system  of  blasting  is  peculiar 
in  this,  that  they  drill  a  hole  through  the  crust  and  through  the 
caliche,  down  to  the  clay  surface  beneath,  large  enough  to  admit 
a  boy,  who  is  let  down  and  excavates  the  clay  under  the  caliche, 
so  that  the  blast  can  be  placed  under  the  material  to  be  broken 
up,  the  object  being  to  thrust  up  as  large  a  mass  of  caliche  as 
possible.  This  is  then  broken  up  by  the  tools  of  the  workmen 
into  chunks  the  size  of  an  orange^  and  the  impurities  as  carefully 
removed  by  the  process  of  selection,  as  possible.  This  crude 
material  is  then  transported  to  the  works  where  it  is  run 
through  a  crusher,  and  dissolved  in  hot  water.  The  better 
quality  of  caliche  contains  from  forty  to  fifty  per  cent,  of  sodium 
nitrate.  The  average  quality  from  thirty  to  forty  per  cent,  of 
sodium  nitrate,  and  the  poorest  quality  that  is  worked,  from 
seventeen  to  thirty  per  cent,  of  sodium  nitrate.  The  best  quality 
of  caliche  runs  about  as  follows : 

Per  cent 

Sodium  nitrate 50 

Sodium  chloride 26 

Sodium  sulphate 6 

Magnesium  sulphate 3 

Insoluble 14 

Sodium  iodate 

Sodium  nitrite 

Magnesium  chloride 

Potassium  chloride 

Magnesium  nitrate    J  100 

Under  the  present  depressed  condition  of  the  industry,  it  is 
not  profitable  to  mine  caliche  with  less  than  about  thirty  per 
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cent,  of  nitrate.  The  refining  of  caliche  and  the  extraction  of 
the  sodium  nitrate,  depends  upon  the  fact  that  sodium  nitrate  is 
very  much  more  soluble  in  hot  water  than  in  cold  water,  while 
the  solubility  of  salt  in  water,  is  little  increased  with  increased 
temperature.  However,  the  solubility  of  the  nitrate  in  water  at 
20"^  C.  is  affected  by  a  solution  of  salt,  and  while  100  parts  of 
water,  at  20°  C,  should  dissolve  88  parts  of  sodium  nitrate,  when 
it  contains  25  parts  of  sodium  chloride  in  solution,  it  will  dis- 
solve only  52.8  parts  of  sodium  nitrate. 

The  time  at  my  command  does  not  permit  me  to  go  into  the 
details  of  the  three  systems  in  use  in  carrying  out  the  solution, 
crystallization,  and  drying  of  the  sodium  nitrate.  The  crystal- 
lized sodium  nitrate  is  removed  from  the  mother-liquor  and 
allowed  to  drain  some  time,  after  which  it  is  put  into  sacks, 
where  it  drains  still  further,  for  a  certain  length  of  time,  and  the 
granulated  appearance  of  the  sacks  as  they  come  into  our  market 
is  due  to  the  crystallization  of  this  drainage  material  upon  the 
outside  of  the  sacks. 

The  mother-liquor,  from  which  the  first  crop  of  crystals  is 
taken,  can  be  used  for  dissolving  a  fresh  supply  of  caliche,  but 
it  is  not  practicable  to  use  it  more  than  twice  or  three  times. 
This  mother-liquor  which  contains  the  impurities  of  sodium 
nitrate  is  worked  over  for  the  iodine  contained  in  it.  In  fact, 
all  of  the  iodine  in  the  market  at  present,  is  produced  as  a  by- 
product in  the  refining  process  of  sodium  nitrate,  and  could  be 
thrown  upon  the  market  in  such  large  quantities,  that  the  price 
of  iodine  would  be  reduced  to  a  very  much  lower  figure,  were  it 
not  for  the  fact  that  it  is  under  the  control  of  a  combination, 
which  regulates  the  output. 

There  is  another  product  that  might  be  secured,  if  some  one 
couid  devise  a  profitable  and  sure  method  of  manipulating  it, 
and  that  is  the  sodium  perchlorate.  In  some  of  the  mines  an 
appreciable  percentage  of  sodium  perchlorate  is  found  mixed 
with  the  nitrate,  and  the  chemist  who  can  devise  some  cheap 
and  effective  means  of  extracting  the  perchlorate,  will  undoubt- 
edly find  it  a  v^ry  profitable  discovery,  as  its  presence  is  highly 
objectionable  when  found  in  the  sodium  nitrate,  whether  it  be 
used  as  a  fertilizer  or  for  technical  purposes. 

There  are  two  grades  of  sodium  nitrate  in  the  market :  One 
grade,  containing  not  less  than  ninety-six  per  cent,  of  sodium 
nitrate,  or  over  sixteen  per  cent,  of  nitrogen,  is  imported  for 
technical  purposes, — manufacture  of  chemicals,  and  chemical 
industries.  Then  there  is  the  second  grade,  called  ninety-five 
per  cent,  nitrate,  which  contains  not  less  than  fifteen  per  cent,  of 
nitrogen,  imported  more  especially  for  fertilizer  purposes.  The 
sodium  nitrate  as  it  comes  into  this  country  is  of  very  uniform 
composition  and  can  generally  be  relied  upon  to  analyze  very 
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close  to  the  figures  given.  It  generally  contains  from  one  per 
cent,  to  two  per  cent,  sodium  chloride,  which  is  largely  due  to 
the  difficulty  of  crystallizing  out  the  sodium  nitrate  on  a  large 
scale  without  also  securing  a  little  of  its  impurities.  Where  it 
is  desired  to  have  purer  nitrate  than  is  produced  at  the  works,  it 
should  be  recrystallized. 
Sodium  nitrate  is  used 

(i)  As  a  special  fertilizer. 

(2)  In  compounding  complete  fertilizers. 

(3)  In  the  manufacture  of  sulphuric  acid. 

(4)  In  the  manufacture  of  nitric  acid. 

(5)  In  the  manufacture  of  nitrate  of  potash. 

(6)  In  the  manufacture  of  arseniate  of  soda. 

(7)  In  the  manufacture  of  fireworks. 

(8)  In  the  manufacture  of  fusing  mixtures. 

(9)  In  the  purification  of  caustic  soda. 

(10)  In  the  manufacture  of  steel. 

(11)  In  the  manufacture  of  glass. 

(12)  In  the  manufacture  of  minium. 

(13)  In  the  curing  of  meat. 

(14)  For  making  chlorine  in  the  manufacture  of  bleaching- 
powders. 

From  the  above  list  of  the  uses  to  which  sodium  nitrate  is  put, 
it  will  be  seen  at  once  that  it  plays  a  very  important  part  in  the 
industrial  development  of  the  country,  and  the  question  naturally 
comes  up,  **How  long  will  the  available  supply  last?**  As  I 
showed  above,  the  consumption  amounts  to  approximately 
1,000,000  tons  a  year.  There  are  at  present  exploited  in  Chili, 
beds  of  caliche  estimated  by  different  geologists  to  contain  from 
63,000,000  to  120,000,000  of  tons  of  nitrate,  and  it  seems  that 
only  a  very  small  proportion  of  the  territory  where  nitrate  is 
likely  to  be  found  has  yet  been  exploited,  so  that  we  need  have 
no  fear  of  the  supply  giving  out  during  the  next  generation. 

I  have  devoted  considerable  time  to  a  review  of  facts,  some  of 
which  are  doubtless  familiar  to  all  of  you,  but  all  of  which  are 
probably  not  familiar  to  all  chemists  and  are  not  readily  acces- 
sible to  many.  Its  use  as  a  fertilizer,  as  it  becomes  known,  will 
undoubtedly  extend  very  widely.  At  present  prices,  it  is  per- 
haps the  cheapest  source  of  nitrogen  in  our  markets. 

But  I  must  now  turn  my  attention  to  another  phase  of  the 
question,  which  is  forced  upon  us  by  the  r61e  that  sodium 
nitrate  plays  in  agriculture.  Agricultural  chemists  in  particular 
have  been  laboring  for  years  upon  the  problem  of  furnishing 
some  cheap,  natural  means  of  producing  nitrate  rapidly,  and  in 
season  for  agricultural  uses.  It  has  been  demonstrated  beyond 
the  shadow  of  a  doubt  that  the  majority  of  agricultural  crops 
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appropriate  their  nitrogen  in  the  form  of  nitrates,  a  few  being 
able  to  utilize  it  to  a  limited  extent  in  the  form  of  ammonia  or 
humate  of  ammonia,  and  still  others  being  able  to  secure  their 
nitrogen  supply  by  the  action  of  micro-organisms  which  develop 
tubercles  upon  their  roots,  and  enable  them  in  this  way  to 
appropriate  supplies  of  nitrogen  which  may  be  secured  from  the 
air  or  from  nitrogenous  compounds  decomposing  in  the  soil. 
There  has  sprung  up,  in  connection  with  the  study  of  these  prob- 
lems, almost  a  new  branch  of  chemistry  ;  that  is,  the  study  of 
the  chemical  reactions  evolved  by  microscopic  life. 

Stutzer  and  Hartleb  have  shown  that  all  cultivated  plants, 
with  the  probable  exception  of  the  leguminosae,  appropriate 
their  food  in  the  form  of  nitrates,  which  are  derived  either  from 
the  fertilizers  applied  to  the  land,  or  from  the  nitrogenous  sub- 
stances in  the  soil  which  are  converted  into  nitrates  by  the 
action  of  nitrifying  bacteria.  It  has  not  yet  been  shown  exactly 
in  what  form  the  nitrogen,  appropriated  by  the  leguminosae 
through  the  bacteria  existing  in  the  tubercles  upon  their  roots, 
is  finally  appropriated  by  the  plant.  It  is,  however,  certain  that 
the  tubercles  upon  plants  of  this  class  are  not  able  to  appropriate 
the  nitrogen  from  nitrates  more  freely,  if  indeed  as  freely,  as 
they  can  from  the  free  nitrogen  of  the  air  or  soil.  These  tubercles 
upon  the  roots  are  the  laboratories  of  the  plant,  apparently  for 
the  purpose  of  transforming  the  nitrogen  of  the  air  into  suitable 
plant  food  for  that  class  of  plants.  It  is  also  quite  well  estab- 
lished by  numerous  investigators  that  the  micro-organisms  found 
in  these  tubercles  have  the  power  of  producing  within  the  soil 
where  the  plants  grow,  a  capacity  for  storing  up  nitrogen,  either 
in  the  roots  of  the  plants  themselves,  or  in  the  soil  immediately 
surrounding  them,  in  a  form  which  can  be  appropriated  as  plant 
food  by  succeeding  crops.  Thus,  crops  of  clover  or  peas,  beans, 
vetches,  serradella,  lupines,  and  similar  plants,  apparently  cause  an 
accumulation  of  available  nitrogen  in  the  soil  where  the}'  grow. 
The  amount  of  this  nitrogen  accumulated  from  year  to  year  is 
not  large,  but  is  sufficient  to  produce  a  perceptible  effect  upon 
the  succeeding  crop,  and  if  it  were  possible  by  this  means  to 
continue  indefinitely  the  growth  of  crops  of  this  character  upon 
the  same  land,  it  might  be  possible  to  fertilize  the  land  by  means 
of  clover,  peas,  or  other  green  manures  of  this  character  up  to 
the  point  where  maximum  crops  could  be  secured  without  the 
addition  of  fertilizers  from  other  sources.  These  crops  (espe- 
cially clover)  are  looked  upon  with  much  favor  in  sections  of  our 
country  where  extensive  farming,  in  contradistinction  to  inten- 
sive farming,  is  largely  pursued.  Not  only  do  these  crops, 
whether  in  the  form  of  green  manures  plowed  under,  or  simply 
as  nitrogen  storers,  accumulate  nitrogen  within  limited  margins, 
but  they  also  improve  the  physical  condition  of  the  soil,  so  as  to 
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enable  the  succeeding  crops  to  more  readily  secure  plant  food 
existing  in  the  soils.  The  importance  of  these  nitrogen  storers 
to  the  development  of  agriculture  cannot  therefore  be  overlooked, 
but  as  it  is  not  evident  that  they  derive  their  nitrogen  from,  or 
convert  it  into,  any  form  of  nitrate  before  the  plant  appropriates 
it,  I  will  not  enter  further  into  the  discussion  of  their  use. 

Hellriegel  and  Wilfarth  found  that  certain  soils  would  not  pro- 
duce satisfactory  crops  of  these  nitrogen  gatherers  unless  they 
had  been  derived  from  fields  where  these  crops  had  been  grown, 
even  when  provided  with  abundant  supplies  of  nitrogen  in  the 
form  of  organic  compounds,  or  of  nitrate.  These  pots,  however, 
could  be  made  to  produce  luxuriant  growths  of  these  nitrogen 
gatherers,  if  watered  with  the  extract  of  the  soil  where  the  plants 
had  grown.  If  the  plants  were  watered  with  the  sterilized  solu- 
tion of  the  soil,  no  growth  was  produced.  The  same  pots,  how- 
ever, would  produce  a  growth  when  watered  with  the  unster- 
ilized  solution  of  the  soil. 

Nobbe  went  one  step  further,  and  reasoned  that  these  unfruit- 
ful soils  could  be  made  fruitful  if  inoculated  with  the  micro- 
organisms existing  in,  and  probably  producing,  the  tubercles. 
His  experimental  work  was  carried  out  with  a  view  of  determin- 
ing the  truth  or  falsity  of  this  hypothesis.  Operating  upon  ster- 
ilized soils  containing  ample  supplies  of  available  plant  food,  he 
found  that  his  nitrogen  gatherers  would  not  grow  beyond  the 
point  where  they  derived  their  supplies  of  nitrogen  from  the  seed 
in  sterilized  soil,  and  that  no  tubercles  were  developed  upon  the 
roots  of  these  plants.  If,  however,  the  soil  was  treated  with  a 
solution  of  pure  culture  of  the  bacteria  existing  in  the  tubercles, 
it  immediately  became  fruitful  and  developed  plants  with  abun- 
dant root  tubercles.  He  found  further  that  while  the  pure  cul- 
tures indicated  that  the  micro-organisms  existing  in  the  tubercles 
of  the  various  nitrogen  growers  appeared  to  be  the  same  under  the 
.  microscope,  yet  they  were  not  capable,  except  in  a  minor  degree, 
of  producing  tubercles  upon  other  members  of  the  leguminosse. 
For  example  : 

The  pure  culture  derived  from  the  tubercles  of  the  pea  would 
produce  tubercles  upon  the  different  varieties  of  peas,  but  might 
have  little  or  no  effect  upon  beans,  or  upon  clover.  So  that  he 
arrived  at  the  conclusion  that  each  plant  had  its  particular  class 
of  micro-organisms  capable  of  producing  ample  supplies  of  tuber- 
cles upon  the  roots  of  its  own  or  closely  related  species,  but 
incapable  of  producing  tubercles  upon  plants  remotely  related  to 
it.  In  connection  with  carrying  out  this  idea  in  its  practical 
applications,  he  set  to  work  to  prepare  pure  cultures  of  the 
organisms  characteristic  of  the  above  plants,  and  a  company  has 
been  organized  in  Germany  for  the  preparation  of  these  pure  cul- 
tures upon  a  commercial  scale.     The  medium  employed  is  agar- 
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gelatine.  This  is  inoculated  with  the  germs  derived  from  the 
tubercles  of  the  clover,  the  lupine,  the  pea,  etc.,  as  may  be 
required,  and  is  furnished  under  the  name  of  Nitragin  for  the 
inoculation  of  soils  with  proper  germs  for  the  production  of  the 
desired  crop. 

The  inoculation  of  the  soil  with  these  germs  is  effected  in  two 
ways : 

(1)  By  moistening  the  seed  with  a  solution  of  the  inoculated 
agai^-gel^tine. 

(2)  By  moistening  dust  or  fine  earth  with  a  solution  of  inoc- 
ulated agar-gelatine,  and  working  it  into  the  soil. 

Probably  the  best  results  have  been  obtained  from  the  latter 
process. 

It  has  been  found,  experimentally,  that  soils  which  would  not 
produce  particular  crops  of  these  nitrogen  gatherers  before 
inoculation,  could,  in  some  cases,  be  made  to  produce  fair  crops 
by  the  inoculation.  As  a  scientific  curiosit}''  it  is  of  great  value. 
In  practice,  however,  it  has  failed  to  yield  satisfactory  results, 
and  the  time  does  not  yet  seem  to  have  arrived  when  this  system 
can  be  economically  applied  by  the  farmer.  It  should  be  remem- 
bered, also,  that  this  principle  applies  only  to  the  nitrogen 
gatherers,  or  plants  deriving  their  nitrogen  supply  through 
tubercles.  It  costs  about  two  dollars  an  acre  to  properly  inoc- 
ulate a  field  with  the  organisms  necessary  to  produce  any  partic- 
ular kind  of  leguminous  plant.  The  uncertainty  of  the  inocula- 
tion proving  successful  is  so  great,  that  Prof.  Paul  Wagner, 
Director  of  the  Darmstadt  Experiment  Station,  Germany,  recom- 
mends the  farmers  of  that  country  not  to  attempt  it.' 

Caron-Ellenbach  has  gone  one  step  farther  than  the  above, 
and  has  attempted  to  increase  the  capacity  of  the  soil  for  directly 
absorbing  nitrogen  from  the  air.  He  has  isolated  and  produced 
the  pure  culture  of  an  organism  which  he  has  christened  Badl' 
luS'EUenbachensis  a  which  he  finds  possesses,  in  high  degree, 
the  power  of  causing  the  soil  to  absorb  atmospheric  nitrogen  and 
transform  it  into  available  plant  food.  His  claim  is  that  soil 
inoculated  with  this  bacterium  increases  its  capacity  for  yield- 
ing up  nitrogen  in  an  available  form  for  cereals  and  other  crops, 
and  that  it  absorbs  large  quantities  of  nitrogen  from  the  air,  and 
produces  ample  supplies  for  the  use  of  the  plants  without  resort- 
ing to  expensive  commercial  fertilizers.  .The  pure  culture  of 
this  bacterium  is  also  manufactured  on  a  commercial  scale  by  a 
firm  at  Elberfeld,  Germany,  and  is  sold  under  the  name  of 
A  Unit.  This  preparation,  like  Nitragin,  has  in  practice  been 
found  to  be  a  scientific  curiosity,  but  while  MVro^m  has  consider- 
able experimental  evidence  to  show  that  it  frequently  may 

« 

1  The  most  succesMf  u1  work  done  in  this  country  upon  this  subject  is  by  J.  F.  Duf- 
frar,  Ala.  Exper.  Station  Bull.  No.  87. 
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increase  the  production  of  the  leguminosae,  there  is  not,  so  far 
as  I  have  been  able  to  discover,  any  appreciable  amount  of 
scientific  evidence  to  substantiate  the  claims  set  up  for  Alinit. 
In  fact  the  BacUltis-EUenbachensis  a  seems  to  be  such  a  delicate 
creature,  that  the  probability  of  its  ever  attaining  any  promi- 
nence in  increasing  the  world's  production  of  cereals,  is  relegated 
to  the  distant  future. 

While  both  of  these  discoveries  are  of  great  scientific  interest, 
neither  of  them,  I  think,  can  be  considered  as  anything  more 
than  demonstrating  the  fact  that  scientific  men  are  working 
along  very  close  to  the  lines  where  scientific  discoveries  of  great 
practical  value  might  be  made. 

Could  the  result  sought  to  be  attained  above,  be  successfully 
and  economically  accomplished,  the  perplexing  nitrogen  problem 
would  be  solved  for  the  farmers,  but  as  they  have  not  accom- 
plished the  results,  it  is  necessary  for  scientific  men  to  look 
further.  The  most  promising  field  at  present  seems  to  me  to  be  the 
study  of  the  soil  conditions  which  promote  the  rapid  formation 
of  nitrates,  because  that  is  the  objective  point  to  which  we  must 
direct  all  of  our  energies  before  we  can  expect  to  have  any  fertil- 
izer, or  any  source  of  nitrogen  supply  utilized  by  the  plant. 
We  may  have  present  in  the  soil,  an  abundant  supply  of 
nitrogen,  and  yet  the  plant  may  starve  to  death  for  nitrogen, 
because  it  exists  in  an  unavailable  form  and  cannot  be  converted 
into  available  form  in  time  for  the  plant  to  utilize  it. 

The  meteorological  conditions  most  favorable  to  the  produc- 
tion of  nitrates  are  quite  well  known.  But  these  we  cannot 
control.  It  is  demonstrated  that  there  is  a  continual  change 
going  on  in  the  supplies  of  nitrates  present  in  the  soil.  They 
are  carried  down  by  the  heavy  rains,  and  they  rise  to  the  surface 
as  the  soil  dries,  so  that  there  is  a  continuous  movement  of  them 
in  the  soil.  If  the  supply  is  ample,  it  is  shown  by  a  dark-green, 
luxuriant  growth  of  vegetation.  If  it  is  inadequate,  it  is  indi- 
cated by  a  stunted  growth,  and  a  yellowish-green  color.  The 
experimenter,  therefore,  is  always  in  a  position  to  determine, 
approximately,  whether  his  plants  are  securing  a  sufficient  supply 
of  nitrates. 

Until  comparatively  recently,  the  methods  of  analysis  for 
detecting  nitrates  were  not  sufficiently  delicate  to  throw  full 
light  upon  the  problem.  Since,  however,  it  has  been  discovered 
that  the  sulphate  of  diphenylamine  is  a  sufficiently  delicate  test 
for  nitrate  to  indicate  one  part  in  100,000,000,  it  has  been 
possible  to  shed  much  light  upon  the  movements  of  nitrates,  and 
the  existence  of  nitrates  in  agricultural  plants.  Serno  has  found 
nitrates  in  almost  all  families  of  plants.  The  largest  quantities 
occur  in  Malvaceae,  Cruciferae,  Papervaceae,  Convolvulaceae, 
Labiatae,  Compositae,.and  Urticaceae.    In  many  plants  it  occurs 
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only  in  the  roots,  and  more  especially  only  in  the  newly  formed, 
absorbing  roots.  He  finds  that  it  is  stored  in  the  roots  during 
the  winter  in  some ;  in  others  it  is  found  only  in  the  spring.  In 
annuals  the  nitrates  occur  abundantly  in  all  parts. 

Deherain  has  found  that  wheat  will  store  as  much  as  one  per 
cent,  of  nitrates  in  the  roots  of  the  plant  during  the  winter  time, 
and  that  if  the  dry  roots  be  dipped  in  a  solution  of  the  sulphate 
of  diphenylamine,  they  take  on  a  deep  blue  color,  indicating 
the  presence  of  a  very  large  percentage  of  nitrates  retained  in 
the  roots  preparatory  for  use  when  growth  starts  in  the  spring. 
Damussy  has  found  that  these  nitrates  are  not  washed  out  from 
the  roots  by  cold  water,  although  they  are  readily  extracted  by 
warm  water,  or  when  the  roots  are  subjected  for  some  time  to  an 
atmosphere  of  chloroform  and  then  washed  with  cold  water. 
This,  he  thinks,  indicates  that  the  nitrates  are  held  in  the  roots  in 
some  very  unstable  compound,  perhaps  with  the  protoplasm, 
and  resume  their  normal  condition  whenever  the  protoplasm  is 
modified  by  an  elevated  temperature,  or  "by  chloroform. 

Semo  is  of  the  opinion  that  nitrates  stored  in  the  roots  of 
plants  during  the  winter,  which,  as  growth  begins  in  the  spring, 
may  be  traced  into  the  stems  of  the  plants  as  they  move  up  to 
the  leaves  and  finally  lose  their  identity  in  the  leaves,  are  con- 
verted by  the  changes  taking  place  in  the  growing  plant,  into 
sotne  form  of  amides,  especially,  perhaps,  asparagine.  Our 
methods  of  analysis,  however,  are  not  sufficiently  perfected  to 
trace  these  compounds  exactly  to  the  point  where  this  change 
takes  place.  They  can  be  followed  up  the  plant  in  the  spring, 
quite  distinctly  in  the  roots,  less  distinctly  in  the  stem,  and  they 
gradually  disappear  as  they  rise.  This  principle  applies  to  a 
very  large  number  of  agricultural  plants,  and  the  power  of  these 
plants  to  store  up  nitrates  in  their  roots  is  of  great  advantage  in 
keeping  a  supply  of  available  nitrogenous  plant  food  within 
reach,  which  would  otherwise  have  been  washed  out  of  the  soil 
by  the  fall  and  winter  rains.  It  is  familiar  to  all  of  us  that  the 
nitrates  form  in  greatest  quantities  during  the  moist,  warm  summer 
months,  and  that  they  exist  in  the  soil  in  largest  proportions  in 
the  latter  part  of  the  summer.  This  .<;toring  capacity  of  plants 
therefore  is  of  great  importance. 

S.  Winogradsky  has  devoted  a  large  amount  of  time  and  atten- 
tion to  the  study  of  the  nitrifying  organisms  which  convert 
ammonia  salts  into  nitrates.  He  began  by  operating  upon  the 
soils  around  Zurich,  and  has  extended  his  investigation  to  cover 
samples  of  soil  taken  from  many  countries  of  the  world  and 
from  all  climates.  He  has  succeeded  in  isolating  and  preparing 
the  pure  culture  of  a  group  of  organisms,  called  by  him  '  nitro- 
monas, '  which  he  is  disposed  to  consider  rather  as  a  group  of 
bacteria  than  as  a  single  species  whose  special  function  is  the 
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oxidation  of  ammonia.  He  had  already  isolated  bacteria  whose 
special  function  was  the  oxidation  of  sulphur  compounds  and 
also  the  oxidation  of  iron  compounds,  which  he  named  respect- 
ively *  sulfo- bacteria'  and  *  ferro-bacteria.'  He  therefore  named 
these  producing  nitrate,  *  nitrobacteria.'  He  found  that  the 
nitromonas  secured  from  different  parts  of  the  world  possessed 
varying  degrees  of  intensity  of  action.  In  the  pure  cultures, 
those  from  Europe  acted  slowly,  and  after  a  few  generations  of 
pure  cultures,  lost  the  power  of  oxidizing  ammonia  salts,  while 
those  secured  from  the  soils  of  South  America  and  Africa 
attacked  the  ammonia  salts  with  great  energy  and  seemed  to 
acquire  greater  activity  with  successive  generations.  He  has 
done  an  immense  amount  of  work  in  the  study  of  these  bacteria, 
and  has  shed  much  light  upon  the  peculiarities  of  their  actions. 

He  also  found  that  the  nitromonas  developed  normally  either  in 
the  light  or  darkness,  and  that  they  can  assimilate  the  carbon 
from  carbon  dioxide  in  entire  darkness.  They  are  able,  in 
entire  darkness,  to  appropriate  this  carbon  from  carbonates  or 
from  carbon  dioxide,  and  cause  it  to  combine  with  the  nitrogen 
to  form  organic  matter,  without  the  aid  of  the  sun's  rays.  He 
believes  that  some  sort  of  an  amido  compound  is  produced  at  the 
expense  of  the  carbon  dioxide  and  the  ammonia.  These  chem- 
ical changes  developed  by  the  nitromonas,  differ  materially  from 
those  which  occur  with  chlorophyl.  In  the  action  of  chlorophyl, 
carbon  dioxide  is  decomposed  by  the  sun's  rays,  the  oxygen 
liberated,  and  the  carbon  unites  with  the  hydrogen  and  oxygen 
to  form  carbohydrates,  but  the  investigations  of  Winogradsky 
indicate  that  the  nitro-bacteria,  instead  of  decomposing  the 
carbon  dioxide  and  setting  oxygen  free,  effects  its  union  with 
ammonia  and  makes  use  of  the  oxygen  of  the  air  to  oxidize  the 
nitrogen  to  nitrous  and  nitric  acids,  the  energy  for  this  change 
being  supplied  to  them  from  the  oxidation  which  they  bring 
about.  At  this  point  there  is  room  for  still  further  investigation 
which,  I  believe,  Winogradsky  is  engaged  upon. 

The  conditions  favorable  to  the  oxidation  of  nitrogen  com- 
pounds to  nitrous  and  nitric  acids,  by  the  respective  nitrifying 
organisms  whose  special  function  is  to  bring  about  these  changes, 
have  been  studied  extensively  by  Warrington,  Schlosing,  Wino- 
gradsky, and  others,  and  the  conditions  favorable  to  the  produc- 
tion of  nitrates  in  the  soil  are  quite  thoroughly  understood,  and 
if  we  were  able  to  control  the  meteorological  conditions,  it  would 
perhaps  not  be  a  difficult  matter  to  develop  in  the  soil  a  very 
large  quantity  of  nitrates  suitable  for  plant  food.  As  we  are 
unable,  however,  to  control  the  meteorological  conditions,  the 
best  that  can  be  done  is  to  see  that  the  soil  is  properly  drained, 
properly  cultivated,  and  supplied  with  a  sufficient  quantity  of 
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lime  or  other  alkali,  to  prevent  the  acidity  from  interfering  with 
the  regular  processes  of  nitrification. 

Even  with  this,  however,  it  has  been  shown  by  E.  Breal  that 
there  may  be  an  extensive  destruction  of  nitrates  by  the  action 
of  an  antagonistic  bacterium  or  ferment,  which  he  finds  develop- 
ing extensively,  especially  upon  straw  and  other  vegetable 
refuse.  This  ferment  has  the  power  of  attacking  the  nitrates 
and  liberating  the  nitrogen  as  free  nitrogen.  It  has  long  since 
been  shown  that  putrescent  fermentation  reduces  nitrates  to  the 
lower  oxides  and  finally  to  ammonia.  This  ferment,  however, 
acts  differently  in  that  it  does  not  reduce  the  nitrates  to  lower 
oxides,  but  sets  the  nitrogen  free.  In  one  case,  one-third  of  the 
nitric  acid  under  experimentation  disappeared :  in  another,  sixty- 
seven  per  cent,  of  the  nitric  nitrogen  disappeared.  The  rapidity 
of  the  decomposition  has  been  measured  and  the  products  of 
decomposition  analyzed.  He  has  shown  that  when  the  soil  con- 
taining nitrates  is  drying,  and  the  nitrates  rising,  if  covered  with 
wet  straw  or  other  vegetable  refuse  and  allowed  to  dry  out 
slowly,  nitrates  are  not  found  either  in  the  straw  or  surface  soil. 
This  condition,  in  his  judgment,  accounts  for  the  failure  to  find 
nitrates  in  meadows,  forests,  or  other  lands  strown  with  large 
amounts  of  vegetable  refuse,  a  fact  which  was  also  noticed  by 
Boussingault.  It  also  accounts,  probably,  for  a  large  amount  of 
the  loss  of  nitrogen  which  occurs  when  green  manures  are  used. 
It  is  a  notorious  fact  that  a  large  percentage  of  the  nitrogen 
stored  in  a  crop  used  as  a  green  manure  seems  to  escape,  and 
the  discovery  of  this  ferment  by  Breal  probably  accounts  for  it. 
We  are  therefore  confronted  by  these  difficulties  in  the  production 
of  nitrates  in  the  soil : 

( 1 )  The  reduction  of  nitrates  by  putrefactive  fermentation. 

(2)  By  the  action  of  Breal's  bacterium. 

So  that  it  seems  not  to  be  possible  to  produce  in  a  soil  under 
normal  conditions,  more  than  a  very  small  percentage  of  nitrate, 
and  rarely  enough  to  answer  the  maximum  requirements  of  a 
large  crop. 

Time  will  not  permit  me  to  notice  the  work  of  all  of  the 
investigators  who  have  contributed  to  extend  our  knowledge  of 
the  activity  and  peculiarities  of  the  bacteria  which  perform  so 
much  work  for  the  benefit  of  agriculture.  There  is  one  more 
investigation  which  I  wish  to  notice,  and  I  am  through.  It  is 
well  known  that  there  is  great  diversity  in  what  is  known  as  the 
availability  of  nitrogen  in  its  various  forms  when  used  in  com- 
pounding fertilizers,  or  when  used  as  a  direct  fertilizer  upon  the 
land.  This  variation  in  availability  is  dependent  upon  the 
readiness  with  which  the  nitrogen  compound,  whether  it  be 
ammonia  salts  or  vegetable  or  animal  refuse,  is  converted  into 
nitrates. 


REVIEWS.  467 

Recently,  S.  W.  Johnson,  E.  H.  Jenkins,  and  W.  E.  Britton, 
of  the  Connecticut  Experiment  Station,  undertook  an  investiga- 
tion to  determine  the  availability  of  a  number  of  the  chief 
sources  of  nitrogen,  used  for  compounding  our  commercial  fertil- 
izers. They  used  for  this  purpose,  oats,  Hungarian  grass,  and 
rye.  The  soil  upon  which  the  experiments  were  conducted  was 
quite  thoroughly  exhausted  by  previous  crops,  and  ordinary 
precautions  to  prevent  errors  creeping  in  were  observed.  They 
determined  the  percentage  of  available  nitrogen  in  different 
sources  of  nitrogen,  as  shown  by  the  plants  indicated  in  pot 
experiments,  as  follows : 

Per  cent. 

Sodium  nitrate loo.o 

Dried  blood 73.3 

Dried  fish •  •  •     93.9 

Ground  bones 16.7 

Tankage 49.4 

Horn  and  hoof  powder 63.3 

Linseed  meal < 68.9 

Cottonseed  meal 64.8 

Castor  pumice 64.6 

It  will  be  noticed  in  this  experiment,  as  is  now  generally  the 
case,  that  sodium  nitrate  is  taken  as  the  standard  of  availability. 

There  is  one  other  possible  source  of  nitrate  that  may  become 
available,  and  that  is  the  nitrate  that  is  developed  by  the  action 
of  electricity  upon  the  nitrogen  of  the  air  and  certain  chemicals 
or  minerals.  This  has  not  yet  developed  to  be  of  economic  im- 
portance, and  while  in  the  opinion  of  some  eminent  scientific 
men,  the  time  may  not  be  far  distant  when  we  may  econom- 
ically produce  nitrate  by  electricity,  we  have  not  yet  reached 
that  point. 

At  the  request  of  our  president,  I  have  compiled  this  review  of 
the  present  state  of  our  knowledge  of  the  nitrate  problem.  I 
could  not,  without  occupying  too  much  of  your  time,  go  into  the 
details  of  many  other  laborious  investigations,  carried  on  in 
many  countries  by  careful  and  patient  scientific  men.  What  I 
have  said  is  classified  as  follows : 

(i)  The  sodium  nitrate  is  the  most  important  source  from 
which  available  nitrogen  can  be  supplied,  at  the  present  time. 
I  have  given  you  some  account  of  the  sources  of  supply,  and  the 
character  and  uses  of  the  finished  product  as  it  comes  into  the 
market. 

(2)  The  r61e  that  nitrate  plays  in  agriculture. 

(3)  The  efforts  of  scientific  men  to  provide  it,  or  furnish  a 
substitute  for  it. 

{4)  Scientific  investigations  bearing  upon  it,  showing  at  con- 
siderable length  the  important  relations  of  bacterial  life  to  its 
production  and  destruction. 
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In  conclusion,  I  may  say  that  science  has  failed,  so  far,  to  pro- 
vide a  substitute  for  the  natural  nitrate,  and  it  is  more  econom- 
ical to  avail  ourselves  of  the  reserve  supplies,  representing  the 
accumulated  work  of  bacterial  ferments  during  protracted  geo- 
logical periods  of  the  past,  in  the  now  desert  regions  of  Chili, 
than  it  is  to  rely  upon  their  inadequate  and  uncertain  work  in 
our  soils  under  the  unfavorable  natural  conditions  prevailing  in 
our  climate.  John  A.  Myers. 


NOTES. 

On  a  Possible  Error  in  the  Determination  of  Nitrogen  in  Nitrates 
Due  to  Impurities  in  Reduced  Iron. — Reduced  iron  is  employed 
in  two  of  the  methods  for  the  determination  of  nitrogen  in 
nitrates,  which  are  in  use  by  the  Association  of  Official  Agricul- 
tural Chemists.  Recently,  in  making  blank  determinations  with 
a  new  lot  of  so-called  chemically  pure  reduced  iron  it  was  found 
that,  by  the  modified  Ulsch  method,  much  less  ammonia  was 
required  for  neutralizing  the  acid  than  in  the  case  of  blank  tests 
formerly  made.  The  error  from  this  cause  in  determinations 
involving  half  a  gram  of  commercial  sodium  nitrate,  would 
amount  to  from  0.30  to  0.35  of  a  per  cent.  By  direct  distilla- 
tion, without  first  allowing  the  iron  to  dissolve  in  the  acid,  no 
difficulty  was  experienced.  The  reduced  iron  bore  the  label  of 
one  of  the  leading  manufacturers  of  chemicals  in  Germany  and 
was  ordered  through  a  prominent  and  reliable  firm  in  this  coun- 
try. 

Since  these  tests  were  made,  an  account  of  a  similar  observa- 
tion by  L.  Brandt'  has  been  noticed.  Brandt  found  in  a  simi- 
lar manner  an  error  equal  to  eight-tenths  of  a  per  cent.,  assu- 
ming half  a  gram  of  nitrate  to  be  employed  in  a  single  test.  As 
in  our  own  case,  he  assured  himself  that  the  error  was  not  due 
to  any  of  the  other  reagents,  nor  to  the  apparatus  employ^ed,  and 
also  found  that  the  error  did  not  appear  unless  the  iron  was  dis- 
solved in  the  acid  before  the  distillation.  Prom  various  tests 
made  by  Brandt,  he  concluded  that  the  impurity  in  the  iron  was 
in  the  form  of  some  organic  nitrogen  compound,  which  probably 
gained  access  to  it,  subsequent  to  its  reduction  by  hydrogen. 
Further  experiments  showed  that  the  impurity  could  be  removed 
by  heating  the  iron  in  a  current  of  hydrogen,  though  the  accom- 
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plishment  of  the  object  was  impossible  by  extraction  with  water, 
alcohol,  or  ether.  Brandt  very  properly  closes  the  account  of 
his  observations  by  stating  that  the  experience  further  indicates 
the  propriety  of  never  placing  implicit  confidence  in  chemicals 
claimed  to  be  chemically  pure  but  to  test  everything  before 
using  it. 

In  view  of  the  recent  extension  of  the  use  of  the  modified 
Ulsch  method  in  the  laboratories  of  this  country,  it  seemed 
important  that  our  own  analysts  should  be  put  on  their  guard  as 
to  the  possible  character  of  the  reduced  iron  sold  as  chemically 
pure.  ^.  L.  Hartwkll  and  H.  J.  Wheeler. 


On  the  Determination  of  Sulphur  in  Sulphites. — This  method 
is  founded  on  the  following  well-known  reaction  :  Sulphur 
dioxide,  when  brought  into  contact  with  nascent  oxygen  and 
water,  is  transformed  into  sulphuric  acid.  The  operation  is  con- 
ducted as  follows  :  The  weighed  sulphite  dissolved  in  water  is 
placed  in  a  beaker,  and  a  mixture  of  water,  hydrochloric  acid, 
hydrogen  peroxide,  and  barium  chloride  is  added  in  sufiicient 
quantity.  The  beaker  is  covered  with  a  watch-glass,  gently 
heated,  and  the  operation  conducted  as  in  the  case  of  a  deter- 
mination of  sulphuric  acid. 

Weight  of  BaSO,  X  0.1371  =  S. 
Weight  of  BaSO,  X  0.2742  =  SO,. 

The  reaction  comprises  three  phases  : 

(i)  The  sulphite  is  decomposed  by  hydrochloric  acid,  which 
liberates  sulphurous  acid. 

(2)  Sulphurous  acid  decomposes  hydrogen  peroxide  and 
unites  with  the  nascent  oxygen  forming  sulphuric  acid. 

(3)  Sulphuric  acid  with  barium  chloride  gives  barium  sul- 
phate. 

Potassium  metasulphite,  K,S,0«,  analyzed  by  this  method  has 
given  : 

Calculated.  Pound. 

Per  cent.  Per  cent. 

Sulphur 28.8  28.8560 

Potassium 35.1  34-9755 

Oxygen 36.1  

In  using  the  bromine  method  the  result  for  sulphur  was 
29.0202  per  cent. 
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Commercial  hydrogen  peroxide  cannot  be  employed,  as  it 
generally  contains  sulphuric  acid.  A  proper  reagent  for  this 
purpose  is  obtained  by  adding  hydrated  barium  dioxide  to  water 
acidulated  with  hydrochloric  acid.'  The  barium  dioxide  is 
added  in  small  quantities  until  the  liquid  is  alkaline,  when 
alumina  and  ferric  oxide  are  separated.  The  turbid  alkaline 
liquid  is  thrown  on  a  pleated  filter  and  the  filtrate  collected  in  a 
vessel  containing  some  hydrochloric  acid.  This  filtrate  is  then 
ready  for  use.  A.  Bourgougnon. 


Fuller's  Earth, — A  recent  discovery  of  a  large  deposit  of  ful- 
ler's earth  in  Florida  promises  to  be  of  considerable  importance 
to  the  oil  trade.  Up  to  the  present  all  the  fuller's  earth  used  by 
the  cotton  oil,  and  lard  manufacturers  has  had  to  be  imported 
from  England  and  has  sold  for  as  much  as  $15  to  $20  per  ton  in 
New  York.  The  domestic  product  has  so  far  proved  unsuitable 
for  this  particular  purpose  and  has  sold  for  only  $7  per  ton,  and 
is  used  only  in  the  mineral  oil  industry.  The  product  from  this 
newly  discovered  deposit  has  been  thoroughly  tested  by  experts 
in  the  cotton  oil  industry  and  is  pronounced  to  be  fully  equal  to 
the  best  grades  of  the  imported  material.  So  soon  as  capital  can 
be  interested  in  the  property  the  consumers  will  be  able  to  obtain 
a  high-grade  fuller's  earth  of  domestic  origin  which  will  cost 
them  very  much  less  than  they  at  present  have  to  pay.  The 
terms  on  which  the  property  is  offered  are  so  favorable  that  the 
new  material  will  no  doubt  soon  be  put  on  the  market. 

F.  T.  Schre4bbr. 
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Thk  Outlines  of  Industriai^  Chemistry.  By  Frank  Hall  Thorp, 
Ph.D.  New  York:  The  Macmillan  Co.  1898.  xx-f  541  pp.  Price, 
13.50. 

While  no  book  can  fully  cover  a  field  so  rich  in  carefully  guarded 
secrets  as  those  pertaining  to  technical  chemistry,  I  know  of  no 
treatise  on  that  subject  which  gives  the  student  a  clearer  and 
more  comprehensive  view  thereof  than  Thorp's  **  Outlines  of 
Industrial  Chemistry." 

The  student  who  has  mastered  its  contents  can  visit  a  factory 
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and,  notwithstanding  the  usual  habit  of  rushing  the  visitor 
through  the  place  as  quickly  as  possible,  can  understand  the 
modus  operandi  more  fully  than  the  guide  has  reason  to  expect. 

Teachers  may  congratulate  themselves  upon  the  appearance 
of  this  book,  for  it  contains,  expressed  in  a  concise  manner, 
much  that  would  otherwise  (with  perhaps  less  happy  results) 
require  the  consultation  of  many  books. 

In  a  work  so  thorough  it  is  difficult  to  select  any  one  subject 
more  carefully  treated  than  the  others  ;  therefore,  chemists  can 
well  feel  grateful  to  Prof.  Thorp  for  his  contribution  and  doubt- 
less few  libraries  will  be  without  a  copy  thereof. 

Alfred  Springer. 

Ths  Practicai.  Compounding  of  Oils,  Tai«u)w,  and  Grease  for 
Lubrication,  Etc.  By  an  expert  oil  refiner.  London  :  Scott,  Green- 
wood &  Co. ;  New  York :  D.  Van  Nostrand  Co.    Price,  I3.50. 

This  book  purports  to  give  '*  to  merchants  and  manufacturers 
in  the  different  branches  of  these  trades  practical  hints  for  the 
compounding  of  oils,  also  for  the  utilization  of  waste  products, 
such  as  ullages,  etc,''  and  treats  chiefly  of  lubricating  oils,  with 
one  chapter  on  lamp  oils. 

Numerous  receipts  are  given  for  compounding  these  oils  for 
various  uses  with  some  hints  and  cautions.  The  flash  and  vis- 
cosity tests  of  mineral  oils  are  described  and  also  some  of  the 
simpler  tests  of  animal  and  vegetable  oils  for  the  purpose  of 
detecting  adulteration.  The  real  character  of  the  various  mix- 
tures given  and  the  reason  of  their  usefulness  for  particular  pur- 
poses seems  to  be  ignored.  So  also  the  general  theory  of  lubri- 
cation. 

While  to  one  entirely  ignorant  of  the  subject  such  a  work 
would  give  an  idea  of  the  combinations  of  mineral  and  fatty  oils 
which  have  been  found  useful  for  lubrication,  it  is  difficult  to  see 
how  the  intelligent  manufacturer  will  be  benefited  by  so  super- 
ficial a  treatise.  E.  Twitchell. 

LiGBTlKG  BY  ACETYLENE.  GENERATORS,  BURNERS,  AND  ELECTRIC  FUR- 
NACES. By  Wm.  £.  GiBBS,  M.B.  Second  Edition,  Revised  and 
Enlarged.  New  York:  D.  Van  Nostrand  Co.;  London  :  Crosby,  Lock- 
wood  &  Soo^    pp.  161.    Illustrated.     1899^    Price,  |i.so. 

Mention  was  recently  made  in  these  pages  of  the  first  edition 
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of  this  work,  and  the  present  edition  calls  for  little  further 
notice.  The  author  has  added  some  twenty  pages  on  the  sub- 
ject of  generators,  and  has  somewhat  expanded  the  chapter  on 
'  'Generation  of  Acetylene* ' ;  otherwise  the  volume  is  little  changed. 
A  misplaced  decimal  point  on  p.  37  makes  the  theoretical 
yield  of  acetylene  from  100  pounds  of  carbide  5. Si  instead  of  581 
cubic  feet.  The  author  confuses  benzine  with  benzene,  refer- 
ring to  the  former  as  a  polymer  of  acetylene.  The  limits  between 
which  acetylene  forms  an  explosive  mixture  with  air  are  much 
greater  than  those  stated  by  the  author.  The  figures  given 
apply  more  nearly  to  ordinar>'  coal-gas.  E.  G.  LovB. 

Lavas  and  Soils  op  the  Hawaiian  Islands.  By  Walter  Maxwbll, 
Director  and  Chief  Chemist  of  the  Experiment  Station  of  the  Hawai- 
ian Islands.     186  pp. 

The  work  is  an  important  contribution,  perhaps  the  only  con- 
tribution, to  our  knowledge,  of  the  composition  of  the  soil  of  the 
islands,  which  have  lately  come  into  the  dominion  of  the  United 
States.  The  total  area  of  the  islands  where  agriculture  is  possi- 
ble is  6,740  square  miles.  The  islands  of  the  Hawaiian  group 
are  of  pure  volcanic  origin.  Fifteen  volcanoes  of  the  first  class 
have  existed  at  different  times  and  been  in  action  in  the  islands. 
The  group  of  islands  therefore  represents  a  portion  of  the  great 
mass  of  matter  due  to  volcanic  action,  which  has  been  projected 
above  the  water's  level.  The  composition  of  the  soil  is,  there- 
fore, what  would  be  expected  from  the  decomposition  of  basaltic 
lavas.  In  type  the  soils  differ  from  those  of  our  country  in  being 
essentially  basic  instead  of  acidic.  In  the  ordinary  soils  of  the 
United  States  the  acidic  element,  namely,  silicic  acid,  is  the 
predominating  factor,  while  in  Hawaiian  soils,  lime,  alumina, 
and  iron  make  up  almost,  if  not  quite,  half  of  the  total  weight  of 
the  soil. 

In  the  decay  of  these  lavas,  in  the  activity  of  the  usual  forces 
which  produce  the  disintegration  of  rocks,  the  functions  of  water, 
steam,  and  air  have  been  extremely  prominent.  In  addition  to 
this  the  vapors  of  sulphuric  acid,  which  find  their  way  by  means 
of  the  steam  into  the  crevices  and  broken  surfaces  of  the  lava 
masses,  has  added  greatly  to  the  power  of  water  and  steam  in 
disintegrating  the  rock  masses.  In  one  instance  where  a  quan- 
tity of  steam  was  condensed  and  preserved  for  analysis,  it  was 
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found  to  contain  4.92  per  cent,  of  sulphuric  acid.  The  steam 
contains  practically  no  chlorine,  which  leads  to  the  belief  that 
the  sea-waters  do  not  penetrate  into  the  depths  whence  the  heat 
of  the  volcanoes  comes. 

Two  distinct  types  of  soils  have  arisen  from  the  decay  of  these 
volcanic  lavas.  These  are  distinguished  chiefly  by  their  color 
and  are  known  as  the  **  yellow**  and  **  red  soils.**  In  regard  to 
fertility  the  dark  red  soils  are  much  more  productive  than  the 
light  red  or  yellow  soils. 

The  Hawaiian  soils  are  remarkably  rich  in  phosphoric  acid 
and  in  iron,  about  twenty-five  per  cent,  of  the  weight  of  the  soil 
consisting  of  iron  oxide.  Thus  it  is  seen  that  the  silica  of 
American  soils  is  largely  replaced  by  the  iron  and  aluminum  of 
Hawaiian  soils. 

The  chief  agricultural  crop  of  the  Hawaiian  Islands,  as  is  well 
known,  is  sugar,  and  there  is  no  country  in  the  world  where  so 
great  a  quantity  of  sugar  can  be  grown  per  acre.  In  general,  it 
requires  two  years  to  produce  one  crop,  inasmuch  as  the  crop  is 
allowed  to  grow  about  eighteen  months,  and  the  other  six  months 
are  consumed  in  harvesting,  preparing  the  lands,  and  replanting. 

The  average  yield  of  sugar,  per  acre,  for  the  **  dark  red  soils'* 
is  a  little  over  10,000  pounds,  and  for  the  **  yellow  soils**  a  little 
over  6,000  pounds.  Very  much  larger  yields  are  occasionally 
reported;  namely,  from  20,000  to  25,000  pounds  per  acre  in  some 
instances. 

In  the  methods  of  analysis  for  determining  the  available  plant 
food  in  soils.  Dr.  Maxwell  has  introduced  an  interesting  innova- 
tion. He  has  proposed  the  use  of  aspartic  acid,  as  a  solvent  for 
the  available  plant  food  in  soils;  namely,  the  phosphoric  acid  and 
the  potash. 

In  a  comparison  of  the  amount  of  plant  food  removed  by  suc- 
cessive cropping  with  sugar-cane  and  that  removed  by  digestion 
with  a  one  per  cent,  solution  of  aspartic  acid  for  twenty-four 
hours,  he  has  shown  that  in  ten  years  of  cropping  practically  the 
same  quantity  of  plant  food  is  removed,  as  in  the  digestion  of  the 
soil  for  twenty-four  hours  with  a  one  per  cent,  solution  of  aspar- 
tic acid.  He  therefore  proposes  to  measure  the  available  plant 
food  present  in  the  soil  by  digesting  with  a  one  per  cent,  solu- 
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tion  of  aspartic  acid  for  twenty-four  hours  and  dividing  by  ten 
the  quantity  of  phosphoric  acid  and  potash  obtained. 

Under  the  conditions  of  rainfall,  which  prevail  in  the  parts  of 
the  islands  studied  by  Dr.  Maxwell,  he  has  found  that  the  quan- 
tity of  plant  food  removed  by  cropping  is  practically  the  same  as 
that  removed  by  the  drainage  waters. 

The  student  of  soil  chemistry  and  physics  as  well  as  the  prac- 
tical farmer  will  derive  much  benefit  by  carefully  reading  Dr. 
Maxweirs  pamphlet.  H.  W.  Wiley. 

Testing  Milk  and  Its  Products.  By  E.  H.  Harrington  and  F.  W. 
WoLL.  Fourth  revised  and  enlarged  edition.  Madison,  Wis. :  Men- 
dota  Book  Company,    viii  -f-  256  pp. 

The  general  introduction  of  the  Babcock  method  has  been  one 
of  the  most  important  aids  to  the  producer  of  dairy  products,  and 
as  a  natural  result,  there  has  been  a  demand  for  a  work  which 
would  enable  one  to  understand  and  apply  the  processes  con- 
nected with  modern  dairy  practice.  This  demand  has  been  met 
by  the  authors  in  an  admirable  little  volume  upon  the  subject 
which  is  now  in  its  fourth  edition.  Consideration  is  given 
to  the  principles  of  the  Babcock  method,  followed  by  many  aids 
and  apt  suggestions  in  order  that  oue  may  become  familiar  with 
the  method  and  its  application.  The  testing  of  milk  is  treated 
in  a  thorough  manner  and  especially  is  the  treatment  of  the 
methods  for  the  determination  of  the  acidity  of  milk  and  cream 
to  be  recommended.  The  chemical  analysis  of  dairy  products  is 
a  section  of  the  work  which  is  of  interest  to  the  chemist  as  well 
as  to  one  who  has  not  had  the  advantage  of  laboratory  training. 
The  appendix  contains  many  useful  tables  and  helpful  sugges- 
tions on  practical  creamery  work.  A  very  complete  index  closes 
the  volume.  The  volume,  as  a  whole,  is  a  helpful  one,  and 
should  be  in  the  hands  of  those  interested  in  the  application  of 
improved  methods  in  the  dairy  industry  of  the  country. 

J.  B.  Weems. 
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Digestion  Experiments.  Bulletin  No.  i6o.  The  North  Carolina  Agri- 
cultural Experiment  Station,  Raleigh,  N.  C.     20  pp. 

Drinking  Water— City,  Town,  and  Rural  Supplies.  Bulletin  No.  161. 
The  North  Carolina  Agricultural  Experiment  Station,  Raleigh,  N.  C. 
20  pp. 

Fanners'  Bulletin  No.  87  (Experiment  Station  Work,  VIII),  U.  S.  De- 
partment of  Agriculture,  Washington,  D.  C.  Soil  Moisture  ;  Fertility  of 
Soils;  Clover  Crops  for  Orchards;  Cultivating  vs.  Cropping  Orchards; 
Transplanting  Trees ;  Fecundity  of  Swine ;  Food  Value  of  Eggs  ;  Starch 
from  Sweet  Potatoes;  The  Toad  as  a  Friend  of  the  Farmer.  1899. 
32  pp. 

Commercial  Fertilizers.  By  J.  H.  Stewart  and  B.  H.  Hite.  Bulletin 
No.  53.  West  Virginia  Agricultural  Experiment  Station,  Morgantown, 
W.  Va.    December  31,  1898.     32  pp. 

A  Select  Bibliography  of  Chemistry,  1492-1897.  By  Henry  Carrington 
Bolton.  First  Supplement.  City  of  Washington :  Published  by  the 
Smithsonian  Institution.     1899.     vii-h489pp. 

The  Spirit  of  Organic  Chemistry.  An  Introduction  to  the  Current  Lit- 
erature of  the  Subject.  By  Arthur  Lachman  and  Paul  C.  Freer.  New 
York  :  The  Macmillan  Co.     1899.     xii  -f  229  pp.     Price,  I1.50. 

Manurial  Requirements  of  Crops.  Bulletin  No.  58.  Hatch  Experi- 
ment  Station  of  the  Massachusetts  Agricultural  College.  March,  1899. 
Amherst,  Mass.     Press  of  Carpenter  &  Morehouse,  1899. 

The  British  Food  Journal  aud  Analytical  Review.  The  Official  Organ 
of  the  International  Commission  on  Adulteration.  Published  Monthly. 
First  number  issued  January,  1899.  Subscriptions  received  by  P.  Blakis- 
ton's  Sou  &  Co.,  Agents  for  America,  1012  Walnut  St.,  Philadelphia. 
Price,  $2.00  a  year. 

The  Alkali  Soils  of  the  Yellowstone  Valley  from  a  Preliminary  Inves- 
tigation of  the  Soils  near  Billings,  Montana.  By  Milton  Whitney  and 
Thomas  H.  Means.  Bulletin  No.  14.  U.  S.  Department  of  Agriculture, 
Division  of  Soils.  Washington,  D.  C. :  Government  Printing  Office. 
1898.    39  pp. 
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EQQ  ALBUMIN. 

By  Thomas  B.  Osborne. 

Receivetl  May  i8.  1899. 

HOPKINS  has  recently  shown*  that  the  crystallization  of  egg 
albumin  is  greatly  facilitated  by  the  addition  of  acetic 
acid  to  the  half  saturated  ammonium  sulphate  solution.  I  have 
found  that  crystallization  is  thus  promoted,  because  the  crystal- 
lized egg  albumin  is  a  compound  of  the  protein  substance  with 
acid. 

When  egg  white  is  first  mixed  with  half  saturated  ammonium 
sulphate  solution  an  alkaline  reaction  towards  litmus  can  be 
detected  and  a  decided  odor  of  free  ammonia  develops.  After 
this  solution  has  stood  for  some  hours,  all  evidence  of  free 
ammonia  disappears  and  the  solution  is  then  perfectly  neutral  to 
litmus  and  continues  neutral  during  the  gradual  separation  of 
the  albumin.  The  deposited  substance,  whether  in  the  form  of 
spheroids  or  of  crystals,  when  filtered  out  and  dissolved  in  water, 
reacts  distinctly  acid  with  litmus,  as  well  as  with  phenolphthal- 
ein. 

In  order  to  obtain  the  albumin  in  crystals,  it  has  heretofore 
been  necessary  to  precipitate  it  several  times,  evidently  because, 
during  the  earlier  evaporations,  an  insufficient  amount  of  acid 
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is  formed  to  produce  the  crystalline  compound.  It  is  also  for 
this  reason  that,  if  acetic  acid  be  added  as  Hopkins  directs,  the 
albumin  is  obtained  completely  crystallized  by  a  single  precipita- 
tion, and  that  too  without  any  concentration  by  evaporation. 

I  have  found  that  if,  instead  of  acetic  acid,  a  molecularly 
equivalent  quantity  of  hydrochloric  acid  be  added,  the  separation 
takes  place  even  more  quickly  and,  so  far  as  my  experience  has 
as  yet  gone,  within  a  short  time  is  more  complete  than  with 
acetic  acid  during  the  same  time.  Thus,  I  prepared  from  two 
portions  of  1500  cc.  each  of  perfectly  fresh  egg  white  a  quantity 
of  crystallized  egg  albumin  by  aid  of  each  of  these  acids,  with 
the  following  results : 

After  adding  to  one-half  of  the  egg  white,  acetic  acid  in  the 
proportion  and  manner  directed  by  Hopkins,  and  a  molecularly 
equivalent  quantity  of  hydrochloric  acid  mixed  with  300  cc.  of 
half-saturated  ammonium  sulphate  solution  to  the  other  half,  the 
two  solutions  were  set  aside  to  deposit  albumin.  After  three 
hours  a  very  large  crystalline  precipitate  had  separated  in  the 
portion  with  hydrochloric  acid.  This  precipitate  was  then 
filtered  out,  but  the  portion  with  acetic  acid  was  allowed  to  stand 
for  twenty-four  hours,  because  the  separation  appeared  to  be 
much  less  than  that  in  the  hydrochloric  solution. 

These  two  precipitates  were  each  twice  recrystallized,  freed  as 
completely  as  possible  from  mother-liquor,  by  pressing  out  with 
Slter-paper,  dissolved  in  water,  and  the  solutions  dialyzed  for 
ten  days,  until  wholly  freed  from  sulphate,  when  they  were 
filtered  clear  and  evaporated  at  about  50**.  The  residue  left  by 
the  acetic  acid  solution,  A.i,  weighed  twenty-nine  grams;  that 
from  the  hydrochloric  acid,  H.i,  fifty-nine  grams. 

The  filtrates  from  the  several  crystallizations  of  these  two  prep- 
arations yielded  a  second  crop  of  completely  crystallized 
albumin ;  that  from  the  acetic  acid  solution,  A. 2,  weighing 
forty-three  grams ;  that  from  the  hydrochloric  acid  solution,  H.2, 
seven  and  nine-tenths  grams.  Similarly,  •  from  the  mother- 
liquors  from  these  preparations,  two  other  entirely  crystalline 
products  were  obtained,  weighing  respectively,  A. 3,  eight  grams 
and  H.3,  four  and  nine-tenths  grams.  From  the  finally  remain- 
ing acetic  acid  solutions  another  preparation  separated,  consist- 
ing wholly  of  spheroids,  A.4,  which  weighed  nine  and  one- 
tenth  grams. 
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There  were  thus  secured  from  1500  cc.  of  egg  white,  by 
adding  acetic  acid,  80  grams  of  wholly  crystallized  albumin,  and 
from  1500  cc,  with  hydrochloric  acid,  73.2  grams,  or  5.30  and 
4.90  grams  respectively  per  cubic  centimeter  of  egg  white. 

The  crystallized  albumin,  like  all  the  other  protein  prepara- 
tions which  I  have  as  yet  examined,  is  a  compound  of  a  protein 
substance  with  an  acid.  In  order  to  neutralize  to  litmus  and  to 
phenolphthalein  the  solutions  of  one  gram  of  each  of  these  prep- 
arations of  albumin,  it  was  necessary  to  add  the  following  quan- 
tities of  decinormal  potassium  hydroxide  solution : 

A.I.        A. 2.        A. 3.        A  4.       H.I.        H.2.      H.3. 

To  pheaolphthalein 2.05     2.30    2.30    2.35    2.05     2.25     2.20 

To  litmus 1.30     1.60    1.65     1.55     1.30    1.60     1.50 

Difference 0.75    0.70    0.65    0.80    0.75    0.65    0.70 

If,  as  pointed  out  in  another  paper,  the  molecular  weight  of 
the  protein  substance  is  about  15,000,*  one  gram  would  react 
with  0.67  cc.  of  a  decinormal  solution,  a  quantity  nearly  equal  to 
the  difference  in  acidity  shown  by  these  two  indicators.  Three 
molecules  of  acid  reacting  with  one  of  albumin  would  be  equal 
to  two  cc.  of  decinormal  solution  per  gram  of  albumin,  a  quan- 
tity in  very  close  agreement  with  that  found  for  the  two  fractions 
constituting  the  greater  part  of  all  the  albumin,  A.i,  and  H.i., 
and  which  also  differs  but  little  from  that  required  to  neutralize 
one  gram  of  all  the  other  fractions. 

When  the  albumin,  dissolved  in  water,  was  neutralized  with 
decinormal  potassium  hydroxide,  the  solution  evaporated  to 
dr>'ness  and  the  proteid  matter  burned  off,  an  ash  was  left  con- 
taining potassium  carbonate  almost  molecularly  equivalent  to 
the  acid  of  the  albumin  originally  neutralized.  From  this  it 
appears  that  the  acid  is  mostly,  if  not  wholly,  organic. 

It  has  been,  thus  far,  impossible  to  discover  what  acid  or  acids 
were  united  to  the  albumin.  Neutralization  of  the  albumin  sus- 
pended in  jSfty  per  cent,  alcohol  resulted  in  the  formation  of  a 
gummy  mass  diflScult  to  filter  and  wash,  and  from  which  none  of 
the  products  of  neutralization  could  be  separated.  Neutraliza- 
tion of  a  solution  of  ten  grams  of  the  albumin  and  dialysis  in  dis- 
tilled water,  failed  to  give  enough  salts  in  the  diffusate  to  shed 
light  on  the  nature  of  the  acid.     Neutralization  with  baryta  of  a 

iSabauejeff :  Chem.  Centrbl.  {/S9/),  10,  found  the  molecular  weigrht  of  purified  Kgg 
albumin  by  determiuiug  the  lowering  of  the  freezing-point  to  be  15,000. 
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solution  of  two  grams  oi  the  albumin  gave  a  very  slight  precipi- 
tate, which  after  standing  some  days,  was  filtered  out,  washed  and 
ignited,  but  only  four  milligramsof  mineral  matter  were  obtained. 

The  preparations  showed  no  excess  of  sulphur  over  that 
usually  found  in  coagulated  and  thoroughly  washed  albumin 
prepared  without  the  use  of  sulphuric  acid  or  sulphates.  Deter- 
mination of  total  phosphorus  showed  A.i  and  H.i  to  contain 
0.38  and  0.40  per  cent,  phosphorus  pentoxide  respectively. 
These  preparations  contained  0.87  and  0.69  per  cent,  of  ash 
which  was  almost  wholly  insoluble  in  water  and  appeared  to 
consist  chiefly  of  calcium  phosphate.  The  total  phosphorus  in 
these  preparations  was  equal  to  0.59  and  0.64  per  cent,  of  trical- 
cium  phosphate  respectively. 

Towards  lacmoid  these  preparations  reacted  alkaline,  about 
one  cc.  of  decinormal  acid  being  required  to  neutralize  the  solu- 
tion of  one  gram,  and  three  cc.  to  give  an  acid  reaction.  When 
one  gram  was  treated  with  decinormal  hydrochloric  acid,  no 
evidence  of  free  acid  was  shown  with  tropaeolin,  until  eight  or 
nine  cc.  were  added. 

When  pure  water  solutions  containing  two  and  five-tenths  per 
cent,  of  my  albumin  preparations  were  heated  they  all  became 
turbid  at  58*'-59°  and  separated  a  minute  quantity  of  flocks  at 
59**-6o**.  On  gradually  raising  the  temperature  the  coagulum 
slowly  increased  until  at  70""  much  of  the  dissolved  albumin  had 
coagulated.  The  solutions  heated  for  some  time  at  74''  and 
filtered  still  contained  a  little  proteid  which  even  on  heating  at 
99^  did  not  separate  until  some  salt  was  added.  No  break  in 
this  gradual  coagulation  of  the  albumin  was  detected,  the  solu- 
tions when  filtered  after  partial  coagulation  yielding  a  coagulum 
on  again  heating  up  to  the  temperature  to  which  they  had  been 
developed  at  previously'  heated. 

When  solutions  of  pure  ten  per  cent,  sodium  chloride  brine 
containing  two  and  one-half  per  cent,  of  each  of  these  prepara- 
tions except  A.3,  H.3  and  A. 4  were  slowly  heated,  turbidity 
developed  at  56'*-59"  and  flocks  at  56'*-6o''. 

Only  a  trace  of  coagulum  was  obtained,  however,  below  64^ 
and  the  solutions  filtered  from  this  remained  perfectly  clear  until 
heated  to  nearly  or  quite  70^,  when  the  albumin  began  to  coag- 
ulate. It  was,  however,  found  necessary  to  heat  the  solution  to 
nearly  84^  before  most  of  it  was  separated. 
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The  three  preparations  A.3,  H.3,  and  A. 4.  behaved  as  just 
described,  except  that  below  64**  each  yielded  a  relatively  con- 
siderable coagulum.  These  preparations,  it  is  to  be  noted,  are 
final  fractions  obtained  in  small  quantity  and  it  seems  probable 
that  this  coagulum  obtained  at  60*^-64°  is  due  to  the  presence  of 
a  difierent  substance  from  that  constituting  the  chief  part  of 
the  other  fractions.  This  is  the  more  probable  as  A.3  and  A. 4 
also  showed  a  difference  in  specific  rotation,  as  well  as  in  com- 
position. 

The  degree  of  acidity  was  found  to  have  much  influence  on  the 
coagulation  of  the  albumin.  Exact  neutralization  to  phenolphthal- 
cin,  as  might  be  expected,  entirely  prevented  coagulation,  even 
on  boiling.  When  the  acid  of  the  albumin  was  neutralized  so  that 
the  acidity  was  equal  to  one  and  two- tenths  cc.  of  deci  normal  solu- 
tion per  gram  of  albumin,  a  solution  containing  two  and  five-tenths 
per  cent,  of  the  proteid  became  slightly  opalescent  on  heating  to 
72**  and  remained  otherwise  unchanged,  even  after  heating  for  a 
long  time  in  a  boiling  water-bath.  If,  however,  the  acidity  was 
but  one-tenth  cc.  greater,  that  is,  equal  to  one  and  three-tenths 
cc.  per  gram  of  albumin,  the  solution  became  turbid  at  70'',  and 
very  opaque  after  heating  in  the  water-bath  at  99^.  The  differ- 
ence between  the  two  solutions  was  marked  and  it  is  evident  that 
the  additional  one-tenth  cc.  had  caused  a  change  in  the  condi- 
tion of  the  albumin.  An  acidity  of  1.33  cc.  per  gram  is  almost 
exactly  equal  to  two  molecules  of  acid  per  molecule  of  albumin, 
assuming  the  latter  to  have  a  molecular  weight  of  15,000.  From 
this  it  would  seem  to  be  necessary  to  add  three  molecules  of  acid 
to  one  of  albumin,  in  order  to  form  the  coagulable  substance. 

The  specific  rotation  of  these  preparations  was  approximately 
determined  by  means  of  a  Schmidt  and  Haensch  polarimeter 
using  a  200  mm.  tube.  The  readings  on  the  sugar  scale  were 
converted  into  degrees  of  circular  polarization  by  multiplying  by 
0.346.     The  formula  used  in  calculating  the  results  was 

.  .  a  X  100       , 

a  =  observed  rotation, 

P  =■  per  cent,  of  albumin  in  the  solution, 

d  =  density  of  the  solution, 

/  =  length  of  tube  in  decimeters. 
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The  results  obtained  were  as  follows : 

Per  cent,  of 

Preparation.  dUsolved  albumin.        Solvent.              Rotation.  Average. 

.                  f  5.861               Water           -29<^  48' )  .^o  „, 

^'^ \ 6.670                  '*                —28^  46' i  ^  ^7 

A.2 3.422                    '*  — 29°  23' 

A.3 3273                    "  —33°  3' 

A.4 3.404                   "  —41°  45' 


H 


(  3.425     10  per  cent.  NaCl  —29°    o'  \ 

. I i  3237  Water  —28°  33'  }■      —28®    35' 

1 6.478  "  —28°     I'j 


H.2 1.699  "  —28°    14' 

H.3 3205  "  —39^    31 

As  the  results  obtained  on  A.i,  A.2,  H.i,  and  H.2,  agree 
closely  and  as  these  preparations  represent  very  different  propor- 
tions of  the  total  albumin  of  the  egg  white,  it  seems  probable 
that  we  have  in  these  fractions  but  one  substance. 

Bondzynski  and  Zoja,  working  with  solutions  containing 
ammonium  sulphate,  obtained  similar  but  somewhat  lower  figures 
for  the  specific  rotation  of  their  least  soluble  fractions;  namely, 
25*  8'  and  26°  2',  duplicate  determinations  on  the  same  fraction. 
Two  other  fractions  gave  them  34*  18'  and  42**  54',  figures 
agreeing  fairly  with  those  obtained  by  me  for  my  more 
soluble  fractions.  They  determined  the  albumin  in  the  polar- 
ized solution  by  coagulation,  a  process  which  does  not  admit  of 
so  exact  a  determination  of  the  dissolved  albumin  as  that 
employed  by  me,  which  consisted  simply  in  evaporating  the  pure 
water  solution  to  dryness,  drying  to  constant  weight  at  1 10**  and 
deducting  ash.  A  slight  error  in  determining  the  dissolved 
albumin  causes  a  considerable  error  in  the  specific  rotation. 

The  e£fect  of  acid  and  alkali  on  the  rotation  of  the  albumin 
solutions  is  shown  by  the  following  results,  obtained  by  dissolv- 
ing one  gram  of  A.2,  in  twenty-five  cc.  of  water  and  treating 
with  the  given  quantities  of  acid  or  of  alkali : 

I  gram  A.2  -|-  nothing  — 29**  17' 

+  0.8CC.  N/ioHCl  —29'^    5' 

-h8.occ.                            *'  -33*^46' 

H-  1.4  cc.  N/io  KOH  —2SP  45' 

+  2.7  cc.                            **  — 30"  20' 

-h  4.2  cc.                           •'  —32*'  30' 

It  is  to  be  noted  that  by  eight  cc.  of  the  acid  and  by  four  and 
two-tenths  cc.  of  the  alkali  a  rotation  was  produced  about  ten 
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per  cent,  higher  than  with  the  smaller  quantities  of  acid  or 
alkali.  This  increase  may  well  be  due  to  a  local  overreaction 
taking  place  on  mixing  the  acid  and  alkali  with  the  proteid  solu- 
tion, it  having  been  demonstrated  that  large  proportions  of  acids 
and  alkalies  yield  products  of  high  specific  rotation. 

Panormoff*  has  studied  the  specific  rotation  of  fractionally  pre- 
cipitated crystallized  egg  albumin  and  concludes  that  there  are 
two  albumins  present  in  egg  white,  one  with  a  specific  rotation 
of — 23.6**  and  the  other  — 46.2**.  The  albumin  with  the  lower 
rotations  he  obtains  from  the  so-called  egg  globulin  precipitated 
by  adding  au  equal  volume  of  saturated  ammonium  sulphate 
solution  to  the  egg  white.  This  he  succeeded  in  crystallizing 
and,  so  prepared,  finds  it  to  have  the  properties  and  composition 
of  albumin.  He  considers,  therefore,  the  egg  globulin  to  be  a 
compound  of  egg  albumin  with  some  unknown  substance. 

As  the  egg  white  is  alkaline  to  litmus  and  ammonia  is  set  free 
on  adding  to  it  a  saturated  solution  of  ammonium  sulphate,  it  is 
not  surprising  that  a  product  should  be  produced  of  different 
solubility  from  that  of  the  albumins  which  we  have  been  con- 
sidering. 

Panormoff  converted  his  crystallized  albumin  into  a  chloride 
by  dialysis  against  two-tenths  per  cent,  hydrochloric  acid.  He 
analyzed  the  product  obtained  and  it  is  interesting  to  note  that, 
if  calculated  free  from  hydrochloric  acid,  the  figures  for  the 
albumin  are  in  exceedingly  close  agreement  with  the  average  of 
the  best  analyses  of  albumin.  Furthermore,  the  proportion  of 
hydrochloric  acid  in  the  compound  is  exactly  the  same  as  that 
which  I  found  with  tropaeolin  to  be  fixed  by  the  albumin ;  that 
is,  I  found  that  one  gram  of  albumin  united  with  eight  cc.  of 
decinormal  acid  or  0.0292  hydrochloric  acid  to  form  a  compound 
showing  no  free  acid  with  tropaeolin,  while  Panormoff *s  chloride 
contained  2.92  per  cent,  or  exactly  the  same  quantity. 

In  regard  to  the  composition  of  egg  albumin,  confusion  has 
recently  been  caused  by  Hofmeister,  who  states'  that  he  has 
found  in  repeatedly  crystallized  egg  albumin  i.oi  and  1.18  per 
cent,  of  sulphur  and  that  Dr.  F.  N.  Schulz,  in  his  laboratory,  has 
obtained  1.24  and  1.27  per  cent.     He  consequently  calls  in  ques- 

^  Ref.  in  Chem.  Centrbl.  0898),  II,  558  and  487. 
>  Ztschr.  physiol.  Chem.,  34,  166. 
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tion  the  purity  of  the  samples  of  crystallized  albumin,  analyzed 
with  great  care  by  Bondzynski  and  Zoja.  As  Hofmeister's  figures 
for  carbon  are  higher  and  for  nitrogen  lower  than  those  of  Bond- 
zynski and  Zoja,  as  well  as  of  other  investigators  who  have 
analyzed  amorphous  egg  albumin,  the  whole  question  of  the  com- 
position of  this  substance  is  again  thrown  into  confusion. 

Having  at  hand  a  sample  of  egg  albumin^  which  had  been 
three  times  recrystallized  in  the  manner  described  by  Hofmeister 
as  necessary  for  its  purification,  and  obtained  in  the  same  pro- 
portion from  the  egg  whit;e  as  stated  by  him  to  be  the  usual  yield 
after  thorough  purification,  and  which  had  been  coagulated  with 
alcohol  and  thoroughly  washed  until  all  the  ammonium  sulphate 
had  been  removed,  I  analyzed  it,  dried  at  i  lo**,  with  the  result 
given  under  No.  i. 

Analyses  of  the  seven  fractionally  crystallized  preparations 
A.  1-4,  and  H.1-3,  were  made  after  drying  them  to  constant 
weight  at  iio^. 

No.  I.  H.I.            H.a.  H.3. 

Carbon 52.1S  52.85  52.33  51.72 

Hydrogen 6.91  6.92          6.90         6.90 

Nitrogen 15.67  15.66  15.77  ^S-^ 

Sulphur 1.70  1.572        X.644        1.958 

Oxygen 23.54  32.998  23.356  24.162 

100.00       IOO.CX3       100.00     100.000 

Ash 0.56  0.69         0.67        0.59 

Total  phosphorus  pentoxide    •••.  0.40         0.21      trace 

A.I.  A.a.  A.3.  A.4. 

Carbon 52.60  52.61  52.33  51.44 

Hydrogen 7.02  6.94  6.93  6.88 

Nitrogen 15.54  15,76  15.40  15.20 

Sulphur 1.610        1.612  1.778  1.912 

Oxygen 23.230  23.078  23.562  24.568 

joo.ooo    100.000    100.000    100.000 

Ash 0.87  0.65  0.67  0.40 

Total  phosphorus  pentoxide'  0.37         0.28         trace        trace 

There  can  no  longer  be  question  about  the  amount  of  sulphur 
in  albumin  being  greater  than  that  stated  by  Hofmeister.  My 
sulphur  determinations  were  made  with  extreme  care,  fusing 
more  than  a  gram  of  the  substance  over  an  alcohol  lamp  with 
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pure  sodiam  hydrate  and  peroxide  in  a  nickel  crucible,'  dissolv- 
ing the  fusion  in  an  excess  of  hydrochloric  acid,  neutralizing 
most  of  the  excess  of  acid  and  precipitating  with  barium  chloride 
from  a  boiling  solution  of  at  least  800  cc.  volume.  Blank  deter- 
minations showed  no  trace  of  sulphur  in  the  reagents  and  also 
that  none  was  absorbed  during  the  fusion  over  the  alcohol  lamp. 
These  results  agree  with  those  obtained  by  Bondzynski  and 
Zoja,  though  the  difference  in  composition  between  their 
extreme  fractions  was  not  quite  so  great  as  found  for  my  prep- 
arations. 

The  composition,  rotation,  heat-coagulation  points  and  reac- 
tions of  the  crystallized  egg  albumin  obtained  by  aid  of  hydro- 
chloric or  acetic  acids  show  this  to  be  the  same  substance  as  that 
which  has  in  the  past  been  regarded  as  egg  albumin. 

My  results,  those  of  Bondzynski  and  Zoja,  and  of  Panormoff, 
make  it  plain  that  there  are  two  protein  substances  in  the  egg 
white,  which  are  commonly  obtained  admixed  when  preparing  egg 
albumin  by  the  usual  processes.  Whether  the  extremes  of  my 
fractional  precipitations  of  these  two  albumins  consist  wholly  or 
even  largely  of  each  one  of  these  bodies  requires  further  investi- 
gation of  large  quantities  of  egg  white.  This  work  we  now  have 
well  under  way. 

Moemer'  has  described  ovomucoid  as  identical  with  Neumeis- 
ter's  pseudopeptone,'  and  states  that  it  constitutes  about  one- 
eighth  of  the  organic  substance  of  the  egg  white.  As  this  sub- 
stance is  described  as  largely,  though  not  wholly,  precipitated 
by  two-thirds  saturation  of  its  solution  with  ammonium  sulphate, 
it  ought,  if  present  as  such  in  the  egg  white,  to  be  found  among 
the  more  soluble  fractions  thrown  down  by  successive  additions 
of  ammonium  sulphate.  It  is  intended  to  direct  especial  atten- 
tion to  the  isolation  of  this  substance  and  to  determine  if  possible 
in  how  far  it  may  be  admixed  with  the  albumins. 

IrABORATOKY  OP  THB  COKNRCTICUT  AGRICULTURAL 

ExPBRiMBXfT  Station,  New  Havbn,  Conn. 

1 1  hare  found  many  times  when  using  a  nickel  crvicible  thai,  on  dissolvingf  the 
fusion,  there  was  a  black  substance  present  (this  looks  and  behaves  like  nickel 
sulphide,  but  it  seems  hardly  possible  that  nickel  sulpihide  could  escape  oxidation), 
which,  when  filtered  out  and  oxidized,  was  found  to  contain  sulphur.  This  black  sub- 
stance should  be  dissolved  by  the  chlorine  liberated  from  the  hydrochloric  acid  by  the 
peroxide  of  hydrogen,  otherwise  too  low  results  will  be  ob  tained. 

S  Ztsehr.  phynol.  Ckem.,  18,  525. 

s  Ztsehr.  Biohgie^  g.  369. 


ON  SOME  DEFINITE  COMPOUNDS  OF   PROTEIN-BODIES. 
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PROTEIN-BODIES,  as  hitheno  prepared  in  a  state  fit  for  the 
study  of  their  composition  and  properties,  are  commonly 
considered  to  be,  for  the  most  part,  distinct  organic  molecules, 
not  united  to  either  acids  or  bases. 

Although  protein-bodies  are  known  to  combine  or  react  with 
acids,  bases  and  halogens,  scarcely  any  of  their  compounds  or 
derivatives  have  been  as  yet  described  of  constant  or  definite 
composition,  except  in  cases  where  the  original  substance  has 
been  profoundly  modified  or  broken  up. 

The  object  of  this  notice  is  to  state  briefly  some  results  of  an 
investigation  which  leads  to  the  conclusion  that  protein-bodies, 
as  hitherto  prepared,  are,  in  fact,  definite  chemical  compounds 
of  protein-substance  with  common  mineral  acids,  or  contain 
such  compounds  in  admixture. 

A  large  number  of  the  purest  protein -preparations  that  it  has 
hitherto  been  possible  to  make  in  this  laboratory,  including  egg 
albumin  several  times  recrystallized,  edestin,  legumin,  excelsin, 
amandin,  corylin,  phaseolin,  gliadin,  hordein  and  zein,'  are, 
without  exception,  acid  to  phenolphthalein,  slightly  acid  or 
neutral  to  litmus  and  decidely  alkaline  to  lacmoid. 

To  render  gram  portions  of  the  above-named  substances 
neutral  to  litmus  has  required  in  some  cases  not  any,  in  others 
from  one-tenth  cc.  to  one  cc,  and  in  a  very  few  instances  a  little 
more  than  one  cc.  of  decinormal  alkali  solution.  To  make  the 
same  gram  portions  neutral  to  phenolphthalein,  a  further  quan- 
tity of  about  one  cc.  of  decinormal  alkali  has  been  required, 
except  for  legumin,  which  took  up  about  two  cc. 

By  help  of  lacmoid  and  other  indicators,  it  can  be  shown  that 
these  protein-bodies  are  able  to  combine  with  additional  quanti- 
ties of  acids. 

In  case  of  edestin  preparations,*  that  had  been  deposited  from 

1  See  papers  by  the  author  and  his  associates  in  Am.  Chem.  y.,  13,  14  and  25.  This 
Journal.  z6.  27,  18,  19,  and  ao.    Also  Griessmayer,  Die  Protiede.  etc.,  Heidelberg,  1S97. 

2  Edestin  is  one  of  several  crystallized  substances  which  are  frequently  termed 
plant- vitellin.  It  was  first  prepared  by  Barbieri  from  squash  seeds,  and  was  obtained 
in  distinct  crystals  by  Griibler.  It  was  afterwards  extracted  from  seeds  of  hemp,  castor 
bean  and  sunflower,  by  Kitthausen.  {J.prakt.  Chem.,  (2)  18,  103;  33,97  and  a^i-)  I'^c 
author  and  his  associates  have  identified  it  in  the  seeds  of  flax,  cotton,  wheat,  rye,  barley, 
and  maize.    See  also  Am.  Chem.  J.,  14,  671 ;  this  Journal,  18, 609. 
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salt  soltttions,  I  have  undertaken  to  determine  what  acids  are 
present  which  thus  react  with  an  alkali. 

When  such  an  edestin  preparation  is  suspended  in  water  and 
made  neutral  to  phenolphthalein,  edestin  itself,  pure  and  simple, 
remains  undissolved,  while  the  added  alkali  carries  into  solution 
its  equivalent  of  the  acid  or  acids  which  had  been  united  to  the 
edestin. 

What  acids  are  thus  removed  from  edestin  depends  upon  the 
conditions  of  its  preparation,  that  acid  being  predominant  which 
was  most  abundant  as  a  mineral  salt  in  the  solution  from  which 
the  edestin  last  separated. 

Accordingly,  edestin  that  has  been  precipitated  from  sodium 
chloride  brines  carries  with  it  hydrochloric  acid  chiefly,  but, 
when  thrown  down  from  ammonium  sulphate  solutions,  it  is 
united  to  sulphuric  acid.  It  appears  to  be  also  in  small  part 
combined  to  an  organic  acid,  as  yet  unidentified,  whose  alkali 
salt  yields  carbonate  when  ignited. 

The  smallest  quantities  of  alkali  carbonate  and,  therefore,  it 
is  to  be  inferred  of  organic  acid,  have  come  from  those  prepara- 
tions which  have  been  repeatedly  deposited  out  of  sodium 
chloride  brine. 

The  solutions  hitherto  obtained  on  thus  neutralizing  edestin 
preparations  with  alkali,  have  invariably  contained  a  very  little 
organic  matter  which  when  strongly  heated  gives  out  a  peculiar 
characteristic  odor  and  yields  alkaline  vapors. 

Property  of  Edestin. — Before  giving  further  account  of  edestin 
compounds,  it  is  best  to  state  explicitly  some  of  the  characters 
of  edestin  itself. 

As  before  mentioned,  when  preparations  which  contain  edestin 
chemically  united  to  acids  are  suspended  in  a  little  water  and 
made  exactly  neutral  to  phenolphthalein  by  addition  of  dilute 
solution  of  potassium  hydroxide,  the  edestin  remains  undis- 
solved, and  after  washing  with  pure  water  is,  so  far  as  we  have 
been  able  to  discover,  entirely  free  from  the  acids  that  were 
combined  with  it. 

Thus  isolated  edestin  is  insoluble  in  pure  water,  but  dissolves 
readily  in  decinormal  alkali  and  also  in  decinormal  hydrochloric 
acid.     Of  the  alkali  seven-tenths  cc.  and  of  the  acid  one  and 
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four-tenths  cc.  are  required  to  effect  the  solution  of  one  gram  of 
water-free  edestin. 

Pure  edestin  dissolves  freely  in  a  ten  per  cent,  brine  of  pure 
sodium  chloride.  This  solution,  freshly  prepared,  is  neutral  to 
phenolphthalein,  but  alkaline  to  litmus  and  strongly  alkaline  to 
lacmoid.  When  this  solution  is  heated  to  99^  in  a  boiling  water- 
bath,  it  is  very  slowly  and  imperfectly  coagulated. 

Solution  of  edestin  in  ten  per  cent,  brine,  when  saturated 
with  sodium  chloride,  is  precipitated  slightly ;  when  saturated 
with  magnesium  sulphate,  it  is  precipitated  more  largely,  and 
on  saturating  with  sodium  sulphate  at  34"^,  the  edestin  is  thrown 
down  completely. 

EDESTIN   HYDROCHLORATES. 

Monohydrochlorate. — If  pure  edestin,  neutral  to  phenolphthal- 
ein,  be  dissolved  in  ten  per  cent,  sodium  chloride  brine  and 
gradually  mixed  with  an  equal  volume  of  the  same  brine  con- 
taining one  cc.  of  decinormal  hydrochloric  acid  for  each  gram  of 
edestin,  a  nearly  or  quite  clear  solution  is  obtained,  which,  when 
dialyzed,  yields  a  wholly  crystalline  deposit.  On  washing  with 
water  a  part  of  this  deposit  dissolves  after  the  salts  have  been 
removed,  and  a  part  remains  undissolved  being  wholly  insoluble 
in  water.     This  latter  substance  is  edestin  monohydrochlorate. 

When  dissolved  in  brine,  one  gram  of  this  salt  is  neutralized 
to  phenolphthalein  by  seven-tenths  cc.  of  decinormal  alkali 
solution.  Assuming  that  edestin  has  a  molecular  weight  of 
about   14,300,'  this  body,  insoluble  in  water,   consists  of  one 

1  The  simplest  formula  for  edestiu  (containing  two  atoms  of  sulphar)  which  can  be 
calculated  from  the  average  of  a  large  number  of  closely  agreeing  analyses  (carbon, 
51-55  <  hydrogen,  6.92;  nitrogen,  18.67;  sulphur.  0.90;  oxygen,  21.96)  gives  a  molecular 
weight  of  7.138,  twice  which  is  14,276,  the  iormula  being,  carbon,  6x4 ;  hydrogen,  988; 
nitrogen,  190;  sulphur,  4;  oxygen,  196. 

Calculation  of  similar  formulas  for  plant  globulins  containing  but  four-tenths  per 
cent,  of  sulphur  shows  that  these  substances,  if  there  are  two  atoms  of  sulphur  in  the 
molecule,  must  have  a  molecular  weight  of  not  less  than  14,500.  The  same  is  true  for 
globin  from  oxyhaemoglobin  recently  analyzed  by  Schultz.  Closely  agreeing  nolec* 
ular  weights  for  the  more  carefully  analyzed  protein-bodies  can  be  calculated  from 
their  analyses  by  multiplying  the  simplest  formula  containing  one  atom  of  sulphur  by 
such  a  factor  that  each  formula  shall  contain  two  or  more  atoms  of  sulphur  and  have  a 
molecular  weight  nearest  to  15,000.  For  twenty-seven  distinct  proteiu-t>odies  of  vegeta- 
ble and  animal  origin  formulas  strikingly  similar  to  that  above  given  for  edestin  are  so 
obtained,  and  also  molecular  weightii,  nearly  all  of  which  are  very  nearly  15.000,  the 
extremes  being  14,068  and  16,074.  Those  protein  substances  known  to  be  corapoaod 
bodies,  like  oxyhaemoglobin  and  casein,  give  higher  molecular  weights.  The  number 
of  sulphur  atoms  in  these  formulas  ranges  from  two  to  ten.  One  gram  of  substance 
having  a  molecular  weight  of  15,000  would  require  for  a  complete  molecular  reaction 
0.66  cc.  of  a  decinormal  solution. 
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molecule  of  edestin  combined  with  on^  molecule  of  hydrochloric 
acid. 

When  pure  edestin  is  dissolved  in  ten  per  cent,  neutral  sodium 
chloride  brine  and  the  solution,  which  is  neutral  to  phenolphthal- 
ein,  is  dialyzed,  imperfectly  developed  crystals  are  deposited 
that,  when  dissolved  in  neutral  brine,  yield  a  solution  having 
an  acidity  nearly  or  quite  equal  to  that  of  edestin  monohydro- 
chlorate. 

Edestin  monohydrochlorate  is  wholly  insoluble  in  water,  but 
dissolves  in  ten  'per  cent,  sodium  chloride  brine  to  a  solution 
from  which  it  is  readily  thrown  down  by  adding  water.  On 
warming  the  thus  diluted  brine,  the  precipitate  dissolves  and 
reappears  on  cooling  in  octahedral  crystals. 

A  solution  containing  five  per  cent,  of  edestin  monohydro- 
chlorate and  ten  per  cent,  of  sodium  chloride  becomes  turbid 
when  heated  to  95^,  and  a  flocculent  coagulum  separates  slowly 
on  continued  heating  at  99^. 

Edestin  BikydrocMorate , — When  pure  edestin  is  treated  with 
insufficient  dilute  hydrochloric  acid  to  dissolve  it  all,  the  part 
dissolved  consists  of  bihydrochlorate  of  edestin.  To  neutralize 
to  phenolphthalein  one  gram  of  edestin  thus  dissolved,  one  and 
one-fourth  cc.  of  decinormal  alkali  are  required,  and  in  the 
solution  from  which  edestin  is  thereby  precipitated,  alkali 
chloride  is  formed  very  nearly  equivalent  to  the  alkali  added. 

Edestin  bihydrochlorate  is  soluble  in  pure  water,  its  solution 
therein  being,  however,  precipitated  by  very  small  quantities  of 
alkali  salts.  Although  quite  insoluble  in  one  or  two  per  cent, 
sodium  chloride  brine,  edestin  bihydrochlorate  freely  dissolves 
in  ten  per  cent,  salt  solution. 

Prom  ten  per  cent,  sodium  chloride  brine  the  bihydrochlorate 
separates  on  dialysis  in  octahedral  crystals.  By  diluting  its 
solution  in  •  ten  per  cent,  brine  a  precipitate  is  formed,  which 
dissolves  on  warming  the  diluted  brine.  On  cooling,  this  solu- 
tion  deposits  the  substance  in  very  perfect  crystals. 

The  ten  per  cent,  sodium  chloride  solution  of  edestin  bihydro- 
chlorate, like  the  similar  solutions  of  the  monohydrochlorate 
and  of  edestin,  gives,  when  saturated  with  sodium  chloride,  a 
very  slight  precipitate;  when  saturated  with  magnesium  sul- 
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phate,  somewhat  more,  and  saturated  at  34"*  with  sodium  sulphate 
is  completely  precipitated. 

A  solution  containing  ten  per  cent-  of  sodium  chloride  and  ten 
per  cent,  of  edestin  bihydrochlorate  gives  a  slight  precipitate 
when  mixed  with  one-half  its  volume  of  water,  and  a  rapidly 
increasing  precipitate  on  continued  dilution. 

A  solution  containing  ten  per  cent,  of  sodium  chloride  and 
five  per  cent,  edestin  bihydrochlorate  gives  a  slight  precipitate 
with  an  equal  volume  of  water.  When  heated  in  a  double 
water- bath,  ten  per  cent,  .salt  solution  containing  five  percent, 
of  edestin  bihydrochlorate  becomes  turbid  at  90**  and  at  91* 
flocks  separate,  which  gradually  increase  in  quantity  on  heating 
at  99°.  Edestin  bihydrochlorate  dissolved  in  water  or  salt  solu- 
tion reacts  acid  to  phenolphthalein  and  litmus,  but  is  strongly 
alkaline  to  lacmoid. 

When  the  solution  of  edestin  bihydrochlorate  in  water  is  made 
neutral  to  phenolphthalein,  by  addition  of  alkali,  the  edestin 
separates  out  completely  and  is  then  almost  entirely  soluble  in 
ten  per  cent,  brine. 

From  the  water  solution  of  edestin  bihydrochlorate  the  edestin 
is  completely  thrown  down  by  small  quantities  of  soluble  salts; 
but  this  precipitate  is  not  wholly  redissolved  by  ten  per  cent, 
brine,  a  relatively  small  portion  remaining  insoluble,  which  is 
more  acid  than  edestin  bihydrochlorate  while  the  substance  re- 
dissolved  is  less  acid  and  shows  the  properties  of  a  mixture  of 
the  mono-  and  bihydrochlorate. 

OTHER    ACID    SALTS    OR    DERIVATIVES    OK    EDESTIN. 

1 .  The  substance  insoluble  in  ten  per  cent,  solution  of  sodium 
chloride,  last  mentioned  in  the  preceding  paragraph,  is  or  con- 
tains a  third  more  acid  compound  or  derivative  of  edestin,  which 
on  neutralization  yields  a  product  wholly  different  from  edestin, 
which  is  now  under  investigation.  Its  study  is  expected  to 
throw  light  on  the  nature  of  **acid  albumin"  and  of  Weyl's 
**  albuminate." 

2.  All  edestin  preparations,  obtained  from  sodium  chloride 
extracts  of  hemp-seed  by  dialysis  or  by  cooling,  when  dissolved 
in  a  minimum  of  hydrochloric  acid,  react  so  strongly  alkaline 
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with  lacmoid'  that  a  total  of  from  two  and  five-tenths  to  three  cc. 
of  decinormal  acid  are  required  to  neutralize  to  lacmoid  the 
solution  of  one  gram  of  edestin,  and  to  obtain  an  acid  reaction 
with  this  indicator  a  total  of  about  eleven  cc.  of  acid  per  gram 
are  necessary. 

3.  On  treating  several  gram  portions  of  edestin  with  uniformly 
increasing  quantities  of  decinormal  hydrochloric  acid  and  testing 
for  free  acid  with  mixed  potassium  nitrite,  iodide  and  starch 
paste,  a  very  marked  difference  was  seen  in  the  intensity  of  the 
reaction,  between  six  and  five-tenths  cc.  of  decinormal  acid  per 
gram  or  less,  and  seven  cc.  or  more,  strongly  indicating  a 
firmer  binding  of  the  smaller  quantity  of  acid. 

4.  With  tropaeolin  no  reaction  for  free  hydrochloric  acid  could 
be  obtained  until  thirteen  cc.  of  decinormal  acid  had  been  added, 
a  quantity  just  twice  that  found  in  testing  for  free  acid  with 
potassium  nitrite. 

Closely  agreeing  figures  are  given  by  this  indicator,  and 
different  preparations  of  the  same  protein  body  have  given 
accordant  results;  thus,  three  different  samples  of  edestin 
reacted  with  12.9  cc,  12.5  cc,  and  12.7  cc. 

Many  other  protein  preparations  thus  tested  have  shown  that 
from  nine  to  thirteen  cc.  of  acid  are  bound  by  one  gram  of  sub- 
stance. Bxcelsin  fixed  12.4  cc;  legumin  from  three  different 
seeds  fixed  12.5  cc,  12.9  cc,  and  13.4  cc;  amandin  took  up 
10.3  cc.  and  crystallized  egg  albumin  9  cc. 

Whether  the  results  of  the  interaction  of  edestin  with  these 
larger  quantities  of  hydrochloric  acid  are  simply  edestin  salts,  or 
products  of  its  decomposition  or  alteration,  is  as  yet  undetermined. 

Edestin  forms  soluble  compounds  with  nitric  and  acetic  acid 
in  the  same  molecular  proportions  as  with  hydrochloric  acid. 

When  former  edestin  preparations  (separated  from  salt  solu- 
tion by  dialysis),  which  yield  on  neutralization  chlorides, 
sulphates,  in  some  cases  traces  of  phosphates,  and  always  more 
or  less  organic  matter,  are  suspended  in  water  and  treated  with 
measured  amounts  of  hydrochloric  acid  (not  in  excess),  they 
dissolve  in  proportion  to  the  quantity  of  acid  added,  provided 
the  amounts  of  water-soluble  substance  (bi-acid  edestin)  orig- 

i  Blood,  milk  and  other  animal  fluids,  as  well  as  saline  extracts  of  seeds,  react  strongly 
alkaline  with  lacmoid.  This  reaction,  though  doubtless  due  to  some  extent  to  alkaline 
phosphates,  is  unquestionably  chiefly  caused  by  the  protein  constituents  of  the  fluid. 
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inaliy  contained  in  the  preparations  be  deducted  from  the  total 
quantities  dissolved.  Thus,  several  series  of  determinations  of 
the  solubility  of  edestin  were  made  by  suspending  gram  portions 
in  water  enough  to  make  a  final  volume  of  twenty  cc.  and 
adding  successively  increasing  quantities  of  centinormal  hydro- 
chloric acid.  After  frequently  shaking  during  several  hours, 
the  solutions  were  allowed  to  settle,  filtered  clear,  the  acidity  to 
phenolphthalein  determined,  the  solutions  evaporated,  the  resi- 
dues dried  at  no**  and  weighed. 

It  was  found  that  the  amount  of  edestin  thus  dissolved 
increases  quite  uniformly  with  increased  quantity  of  acid,  and 
that  a  little  over  o.ii  gram  of  the  substance  is  carried  into  solu- 
tion by  each  additional  cc.  of  centinormal  hydrochloric  acid. 
The  acidity  of  the  soluble  body  thus  produced  is  very  nearly  that 
of  a  compound  of  edestin  with  two  molecules  of  monobasic  acid. 

Those  preparations  which  yield  relatively  much  alkali  sul- 
phate on  neutralization  are  less  soluble  in  hydrochloric  acid 
than  the  others,  and  the  water-soluble  edestin  compounds 
resulting  are  relatively  more  acid,  since  pure  edestin  requires 
for  solution  more  sulphuric  than  hydrochloric  acid,  and  the 
soluble  edestin  sulphates  are  much  more  acid  than  the  soluble 
bihydrochlorate.  All  the  preparations  of  edestin  whose  solu- 
bility in  hydrochloric  acid  we  have  determined  yield  more  or 
less  alkali  sulphate  on  neutralization.  To  this  fact  we  attribute 
the  slightly  less  degree  of  solubility  in  hydrochloric  acid  found 
than  that  calculated  for  a  compound  of  two  molecules  of  acid 
with  one  of  edestin  (molecular  weight  assumed  to  be  14.300), 
and  also  the  correspondingly  slightly  greater  acidity  of  the 
dissolved  substance. 

Edestin  Sulphates. — Determinations  of  the  solubility  in  sul- 
phuric acid  of  edestin  give  tolerably  uniform  results  for  one  and 
the  same  preparation,  but  differ  for  different  preparations.  With 
increasing  quantities  of  sulphuric  acid  the  degree  of  acidity  of 
the  soluble  products  increases  uniformly  up  to  many  times  that 
of  the  bihydrochlorate.  This  behavior  with  sulphuric  acid  is 
due  to  the  fact  that  the  preparations  tested  were  largely  hydro- 
chlorates.  Definite  results  cannot  be  had  until  preparations 
free  from  acids  other  than  sulphuric  have  been  made  and  tested, 
which  work  we  now  have  in  hand. 
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What  has  been  said  of  sulphuric  acid  applies,  though  to  a 
less  degree,  to  phosphoric  acid,  a  centinormal  solution  of  which 
dissolves  about  one  third  as  much  edestin  as  a  like  solution  of 
hydrochloric  acid.  In  other  words,  tribasic  phosphoric  acid  in 
dissolving  edestin  appears  to  act  as  a  monobasic  acid. 

A  study  of  the  relations  to  bases  and  acids  exhibited  by  many 
other  protein  substances  is  in  progress,  the  results  of  which  will 
be  published  soon.  So  far  as  yet  discovered,  all  other  protein 
preparations  are  compounds  of  a  similar  character  to  those  of 
edestin.  Although  much  evidence  to  this  effect  has  been 
obtained,  details  are  reserved  until  the  entire  accuracy  of  the 
results  is  confirmed  and  the  study  extended  so  that  it  may  be 
made  more  complete. 

It  is  unnecessary  to  point  out  the  importance  of  the  fact  that 
what  have  been  heretofore  regarded  as  ** native"  protein  sub- 
stances are,  in  fact,  protein  bodies  combined  to  acids,  so  that 
preparations  as  usually  obtained  have  been  mixtures  of  the 
simpler  salts  of  these  bodies.  In  this  fact  we  will  doubtless  find 
an  explanation  of  many  of  the  minor  differences  noted  between 
protein  preparations  which  appear  to  be  otherwise  identical. 
Thus,  the  difference  between  the  albumins  of  the  eggs  of  differ- 
ent kinds  of  birds,  between  the  haemoglobins  of  the  blood  and 
the  caseins  of  the  milk  of  different  animals  may  well  be  thus 
explained.  , 

Courrant's  studies  of  the  proportion  of  alkali  and* acid  neutral- 
ized by  casein  makes  it  seem  highly  probable  that  nucleoal- 
bumins  will  prove  to  be  phosphoric  acid  compounds  similar  to 
those  described  in  this  paper,  but  containing  several  molecules 
of  acid. 

Puerth's  account  of  the  protein  bodies  of  the  muscle  plasma 
indicates  that  the  confusion  which  has  existed  in  relation  to 
these  substances  is  probably  due  to  the  formation  during 
extraction  and  separation  of  a  series  of  increasingly  acid  com- 
pounds of  one  or  more  protein  bodies.  The  sensitiveness  of 
many  enzymes  to  alterations  in  reaction  is  not  improbably 
connected  with  the  formation  of  definite  acid  compounds. 

The  unexplained,  apparently  spontaneous,  alteration  of  protein 
substances  is  in  many  cases  certainly  due  to  the  formation  of 
acid  compounds. 
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NICKEL  sulphide  is  precipitated  from  alkaline  solutions  by 
hydrogen  sulphide  gas,  and  when  once  formed  is  insoluble 
in  dilute  acids.  Notwithstanding  this  insolubility,  however,  the 
precipitate  is  not  formed  when  the  gas  is  passed  through  a  solu- 
tion containing  this  strength  of  acid.  By  following  out  the 
general  laws  as  to  the  formation  of  the  metallic  sulphides  it  is 
possible  to  explain  this  anomalous  behavior  in  quite  a  simple 
way,  and  the  object  of  this  paper  is  to  present  and  prove  this 
theory  as  applied  to  nickel  sulphide.  Since  cobalt  sulphide 
behaves  in  the  same  manner,  it  is  not  necessary  to  go  into  details 
regarding  it.     As  yet  it  is  not  known  whether  ions  of  sulphur 

exist  in  the  free  state,  S,  or  are  always  combined  with  hydrogen 

in  the  form  HS.     In  this  paper  we  shall  consider  that  free  ions  of 

stdphur,  Sy  do  exist,  but  it  is  only  for  the  sake  of  simplicity.  If  hydro- 
gen sulphide  ionizes  according  to  the  scheme, 

H,S  =  H  -f-  HS, 
then  all  sulphides  will  do  the  same  ;  viz,, 

MS  +  H,0  =  M  -f  HS  +  OH, 

so  that  the  relation  of  the  concentrations  of  HS  ions  in  the  two 

sulphides  will  be  the  same  as  would  that  of  the  S  ions,  if  they 
were  formed.  Since  the  sulphide  is  formed,  it  is  simpler  to  con- 
sider S  ions  to  be  present,  for  then  the  sulphide  is  formed  directiy. 
When  HS  ions  are  present  the  reaction  would  be 

M  +  2CI  H-  2HS  +  2H  =  MS  +  H,S  +  2H  +  2ci, 
the  result  being  the  same,  but  reached  in  a  more  complicated 
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i¥ay.    It  is  to  be  remembered  then  that,  although  we  speak  of 

S  ions,  it  is  not  necessary  that  they  exist,  for  all  conclusions 

"Will  still  hold  with  HS  ions,  providing  only  that  the  metallic 
:sulphides  dissociate  in  the  same  way  as  hydrogen  sulphide  does, 
3.  fact  which  is  well  known. 

All  substances  are  soluble  to  a  certain  extent,  the  term  insol- 
uble being  only  a  relative  one.  Nickel  sulphide  in  water,  then, 
goes  into  solution  to  a  certain  extent,  as  undissociated  nickel 

sulphide  and  as  ions  of  Ni  and  S.  The  equation  of  equilibrium 
'which  regulates  the  amount  of  each  of  these  products  is 

Ni  x's''=  K^  X  NiS  ; 

z.  e,,  the  product  of  the  concentrations  of  the  ions  is  equal  to  the 
•concentration  of  the  undissociated  portion  multiplied  by  the 
ionization  constant,  the  concentrations  being  expressed  in  gram- 
molecules  per  liter.  According  to  Nemst  in  a  saturated  solu- 
tion, the  undissociated  portion  always  remains  constant.  If  by 
any  means,  then,  the  dissociation  is  driven  back,  a  certain 
amount  of  undissociated  nickel  sulphide  will  be  formed,  which 
will  separate  out  as  a  solid,  since  the  solution  is  already  satura- 
ted with  it.  In  the  equation  of  equilibrium  we  have,  then,  two 
constant  terms  upon  the  right  side,  hence  the  left  side  must  also 
remain  constant ;  t.  ^., 

Ni  x"s'=  A'. 
This  term  A'is  called  the  solubility  product  of  the  nickel  sul- 

phide.  The  meaning  of  K  in  words  is  as  follows :  If  Ni  and  S 
ions  are  present  together  in  a  liquid,  no  undissociated  nickel  sul- 
phide will  be  formed  until  this  product  is  exceeded,  in  which 
•case  enough  undissociated  nickel  sulphide  will  be  formed  to 
cause  the  product  of  the  concentrations  of  the  ions  still  free  to 
just  reach  this  value,  K.  The  undissociated  NiS  will  first  sat- 
urate the  solution,  the  remainder  separating  out  as  a  solid.     The 

amount  of  Ni  ions  will  be  the  smaller  the  greater  the  amount  of 

S   ions,  for  the  product  must  remain  constant.     If  in  a  solu- 
tion we  have  a  small  number  of  metal  ions,  it  is  necessary  to 
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have  an  excess  of  S  ions  in  order  that  the  solubility  product 
may  be  exceeded,  and  undissociated  sulphide  formed.  The 
smaller  the  solubility  product  the  smaller  will  be  the  number  of 

S  ions  necessary  for  precipitation.  Upon  the  size  of  the  solu- 
bility product  depends,  then,  the  behavior  of  the  salt  solutions  of 
a  metal  toward  hydrogen  sulphide  gas.      If  the  product  is  small 

enough  to  be  exceeded  by  the  aid  of  the  ions  of  S  contained  in  a 
solution  of  hydrogen  sulphide  gas,  the  metal  will  belong  to  one 
of  the  higher  analytical  groups.  If  the  product  is  large,  then  it 
will  only  be  reached  by  an  alkaline  sulphide,  for  that  contains 

more  ions  of  S  than  a  saturated  solution  of  hydrogen  sulphide 
gas.     We  can  divide  the  metals,  then,  into  two  groups,  those 

which  have  products  which  can  be  exceeded  by  the  S  ions  in  hy- 
drogen sulphide  solution,  and  those  whose  products  can  only  be 

exceeded  by  a  greater  number  of  S  ions.  Metals  of  the  former 
class  will  be  precipitated  by  hydrogen  sulphide  in  neutral  or  acid 
solutions,  those  of  the  latter  only  in  alkaline  solutions.  Some 
metals  are  partly  precipitated  in  neutral  solutions.  This  is  due 
to  the  fact  that  the  solubility  product  is  at  first  exceeded  by  the 
simple  hydrogen  sulphide  solution.     Later,  since  acid  is  formed 

by  the  reaction,  the  H  ions  increase  and  cause  the  S  ions  of 
the  hydrogen  sulphide  to  decrease  to  such  an  extent  that 
the  product  is  no  longer  exceeded.  The  amount  of  the  sul- 
phide precipitated  from  the  neutral  salt  depends,  then,  upon 
the  strength  of  the  acid  formed,  for  the  greater  its  dissociation 
constant  the  more  the  dissociation  of  the  hydrogen  sulphide 
will  be  affected.  Since  nickel,  cobalt,  and  zind  are  precipita- 
ted by  hydrogen  sulphide  in  presence  of  weak  acids,  their  sul- 
phides partake  of  the  characteristics  of  the  higher  as  well  as  of 
the  lower  group  of  metals.  The  solubility  products  must  there- 
fore be  smaller  than  those  of  the  others  of  the  iron  group  and 
greater  than  those  of  the  copper  group.  We  see,  then,  that  the 
division  between  the  two  general  groups  is  not  sharply  defined, 
and  so  we  should  expect  to  find  an  anomalous  action  of  some 
kind  in  connection  with  the  metals  of  the  middle  group.  In 
the  case  with  zinc  this  is  not  observed  because  it  partakes  more 
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of  the  characteristics  of  the  upper  than  the  lower  group,  but 
with  nickel  and  cobalt  it  is  marked.  When  nickel  sulphide  is 
brought  in  contact  with  strong  hydrochloric  acid,  hydrogen  sul* 
phide  gas  and  nickel  chloride  are  formed.  Hydrogen  sulphide, 
however,  can  only  be  formed  when  the  product  of  the  concentra- 
tion of  H  ions  multiplied  by  that  of  the  S  (HS)  ions  exceeds  the 
solubility  product.  Then  the  gas  formed  saturates  the  solution 
and  is  given  off  in  the  gaseous  state.     A  sulphide  which  in  a 

water  solution  has  a  larger  concentration  of  S  ions  than  exists 
in  a  saturated  solution  of  pure  hydrogen  sulphide,  must  be  solu- 
ble in  acid,  for  the  product  H  X  S  (HS)  will  be  greater  than 
the  solubility  product  of  hydrogen  sulphide.  Such  a  sulphide 
could  also  only  be  formed  in  an  alkaline  solution  ;  i,  e.,  one  in 

which  there  is  a  greater  number  of  S  ions  than  in  hydrogen 

+ 
sulphide.     The  process  of  solution  is  quite  simple,  ions  of  H  and 

S  (HS)  are  together  in  large  numbers  and  so  unite  to  form 
undissociated  hydrogen  sulphide.  This  leaves  the  solution 
unsaturated  with  the  ions,  hence  more  of  the  sulphide  dissolves 
and  dissociates,  the  process  continuing  until  all  the  sulphide  is 
dissolved  or  all  the  acid  used  up. 

A  sulphide  which  contains  a  smaller  number  of  S  (HS)  ions 
in  a  saturated  .solution  than  exists  in  a  solution  of  hydrogen 
sulphide,  will  be  insoluble  in  acid,  since  the  solubility  product 
of  hydrogen  sulphide  cannot  be  exceeded,  and  the  salts  will  be 
precipitated  by  hydrogen  sulphide  even  in  the  presence  of  acid. 

The  smaller  the  solubility-product  of  the  sulphide  the  more 
rapidly  will  the  sulphide  be  formed  by  hydrogen  sulphide.  The 
greater  the  solubility-product  of  a  sulphide  the  more  rapidly  it 
will  dissolve  in  acid.  Nickel  sulphide  has  a  solubility-product 
which  lies  between  these  two  extremes,  and  must  contain  in  a 

saturated  solution  a  slightly  smaller  concentration  of  S  (HS) 
ions  than  hydrogen  sulphide  (otherwise  nickel  sulphide  would 
not  be  formed  in  presence  of  acid).  The  difference  in  concen- 
tration of  S  ions  must  be  small,   for  a  little  acid  prevents 
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the  precipitation  by  decreasing  the  difference.  The/ anomalous 
behavior  of  the  sulphide  is  due  to  this  small  difference.  To  cause 

the  sulphide  to  dissolve  it  is  necessary  to  have  H  ions  present 

to  such  an  extent  that  the  S  (HS)  ions  in  the  hydrogen  sul- 
phide formed  may  be  smaller  in  number  than  those  of  the  sul- 
phide. If  the  acid  is  of  such  a  strength  that  hydrogen  sulphide 
in  it  would  have  the  same,  or  nearly  the  same,  concentration  of 

S   ions  as  the  sulphide,  the  speed  of  solution  will  be  almost 
infinitely  slow ;  /.  e,,  practically  no  solution  will  take  place  dur- 

m 

ing  any  short  period  of  time.     The  sulphide  will  then  remain  in 

its  original  state.     As  the  amount  of  acid  is  increased,  its  H  ions 

decrease  the  number  of  S  (HS)  ions  which  are  necessary  to 
exceed  the  solubility-product  of  the  hydrogen  sulphide  gas,  and 
finally  it  is  formed.  The  velocity  of  the  change  will  increase 
slowly  with  the  concentration  of  acid,  but  no  sharp  distinction 
can  be  made. 

If  we  attempt  to  precipitate  nickel  sulphide  from  a  nickel  salt 
in  the  presence  of  acid  of  such  strength  that  hydrogen  sulphide 

has  nearly  the  same  concentration  of  S  ions  as  the  nickel  sulphide 
would  have  if  it  were  formed,  no  sulphide  will  be  formed  for  the 
velocity  of  formation  will  be  almost  infinitely  slow. 

In  short,  if  two  substances  have  the  same  concentration  of  one 
kind  of  ion,  the  one  will  not  be  transformed  into  the  other.  If 
there  is  but  a  slight  difference  between  the  concentrations,  the 
reaction  will  take  place,  but  so  slowly  that  it  will  not  be  observed 
until  the  concentration  difference  is  marked .  The  substance  which 
is  present  will  always  remain  unaltered  until  the  difference 
becomes  great  enough  to  cause  a  certain  speed  of  reaction.  This 
is  the  proposed  theory  for  the  explanation  of  the  behavior  of 
nickel  and  cobalt  sulphides.  In  a  few  words  it  may  be  summed 
up  as  follows : 

The  concentration  of  S  (HS)  ions  in  a  saturated  solution  of 
nickel  sulphide  or  cobalt  sulphide  is  so  little  less  than  that  in  a 
saturated  solution  of  hydrogen  sulphide  gas,  that  addition  of  a 
small  amount  of  acid  causes  the  latter  to  decrease  to  nearly  the 
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value  of  the  former,  so  that  the  substance  which  is  already  present 
(hydrogen  sulphide  or  nickel  sulphide)  remains  unchanged, 
owing  to  the  slight  velocity  of  the  change  which  is  propor- 
tional to  the  difference  in  concentration  of  the  two  with  respect  to 

the^s'cHS)  ions/ 

As  to  the  proof  for  this,  the  fact  that  the  sulphide  is  formed 
in  the  presence  of  a  large  amount  of  acetic  acid  and  also  in  that 
of  a  small  amount  of  hydrochloric  acid  shows  that  the  forma- 
tion is  simply  a  question  of  the  concentration  of  sulphur  ions. 
Neutral  solutions,  as  the  dichloracetate,  allow  a  certain  amount 
of  precipitate  to  be  formed  ;  i,  e, ,  until  the  concentration  of  the 

H  ions  of  the  acid  formed  causes  the  two  concentrations  of   S 

(HS)  ions  to  become  equalized.  The  clearest  proof  would  be  to 
compare  the  solubility-pfoducts  of  the  nickel  sulphide  and  hydro- 
gen sulphide,*  but,  unfortunately,  this  is  impossible,  for  neither 
is  known.  It  seems,  however,  hardly  necessary  to  go  to  such 
an  extent  as  this  to  prove  the  correctness  of  the  theory,  for  it  is 
thought  that  the  results  which  have  been  given  already  and 
those  that  follow  are  conclusive,  although  such  a  final  compari- 
son would  be  of  interest. 

The  results  of  the  analyses  given  below  show  quantitatively 
just  what  effect  an  acid  has  upon  the  amount  of  nickel  sulphide 
formed.  The  amount  precipitated  in  nickel  dichloracetate  is  too 
small,  for  the  latter  was  found  afterward  to  contain  free  acid,  the 
amount  of  which  could  not  be  determined.  Nickel  acetate  is 
almost  completely  precipitated  in  a  neutral  solution,  which  was 
partly  prevented  by  the  addition  of  varying  amounts  of  hydro- 
chloric acid,  and  the  amount  of  nickel  sulphide  determined. 

1  Since  writing  the  above,  mention  of  an  experiment  has  been  found  which  is  per- 
haps the  beat  proof  of  the  theory  advanced.  Baubi^y  {Compt.  rend.,  94.  961, 1183, 1251, 
i4i7>  M73«  '59Si  17X5 :  95t  34)  found  that  neutral  aolutions  of  the  salts  of  nickel  are  com- 
pletely precipitated  by  hydrogen  sulphide  in  one  nK>nth's  time.  This  shows  that  the 
fomation  of  the  sulphide  takes  time  and  that  its  non-formation  is  due  to  the  fact  that  the 
process  is  too  slow  to  be  observed  during  an  ordinary  analytical  precipitation.  In  the 
aame  way  it  is  probable  that  acid  would  dissolve  the  sulphide  in  the  course  of  time, 
even  when  it  has  no  e£Fect  as  ordinarily  attempted. 

>  A  method  for  the  determination  of  S  ions  in  general  is  the  subject  of  an  investiga- 
tion in  the  laboratory  now,  and  if  results  are  obtained  this  comparison  will  be  made. 
9 
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Mols.  per  liter. 

Nickel  dichloracetate,  concentration 0.253 

Dichloracetic  acid o.  1424 

Nickel  salt  precipitated  as  nickel  sulphide 0.00722 

Dichloracetic  acid  formed ^ 0.0144 

Nickel  salt  remaining  in  solution 0.24 

Mols.  per  liter. 

Nickel  acetate,  concentration 0.071 

Hydrochloric  acid 0.78 

Nickel  salt  as  nickel  sulphide 0.019 

Nickel  salt  left  in  solution 0.052 

The  acetic  acid  formed  in  these  cases  was  neglected  on 
account  of  its  slight  dissociation. 

Mol8.  per  liter. 

Nickel  acetate,  concentration 0.0624 

Hydrochloric  acid 0.083 

Nickel  salt  as  nickel  sulphide 0.003 

Nickel  salt  left  in  solution 0.0594 

MoU.  per  liter. 

Nickel  acetate,  concentration 0.0788 

Hydrochloric  acid 0.0807 

Nickel  salt  as  nickel  sulphide 0.0139 

Nickel  salt  left  in  solution 0.0649 

Mols.  per  liter. 

Nickel  acetate,  concentration 0.0723 

Hydrochloric  acid 0.079 

Nickel  salt  as  nickel  sulphide 0.01 12 

Nickel  salt  left  in  solution 0.0601 

Although  the  solubility  products  of  the  metallic  sulphides  are 
unknown  there  is  one  way  in  which  we  may  get  an  approximate 
relation  between  them.  Zengelis*  has  determined  the  electro- 
motive force  of  several  kinds  of  metal  ions  in  contact  with  tenth- 
normal solutions  of  potassium  sulphide.  Neumann'  has  deter- 
mined the  electromotive  force  of  all  the  metals  in  their  salt  soln- 
tions.  By  combining  these  measurements  by  the  method  of 
Ostwald'  it  is  possible  to  find  the  ionic  concentrations  of  the 

metals  in  contact  with  the  same,  but  an  unknown  amount  of  S 

(HS)   ions.     For  each  metal   we  have  a  certain    solubility- 
product;  i.  e., 

MXS=  K, 

1  Ztschr.phys.  Oum.,  la,  311. 

>  Ibid.,  14,  3x5. 

t  l«ehrbuch  d.  allg.  chem.,  Ill,  881. 
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where  S  and  A^  are  unknown.     S,  however,  is  the  same  in  the 

case  of  all  metals  ;  t.  e. ,  the  concentration  of  S  ions  in  a  tenth- 
normal solution  of  potassium  sulphide,  hence  the  solubility- 
products  will  be  proportional  to  the  ionic  concentrations  of  the 
metals  in  the  potassium  sulphide  solution.  Using  this  method, 
a  few  relative  solubility-products  have  been  determined,  and 
they  serve  to  show  the  great  difference  between  the  metals  of 
the  iron  group  and  those  of  the  copper  group.* 

Concentration  of  metal  ions  in 
mols.  per  liter  in  presence  of 


Nickel • 0.0191 

Cobalt 0.0034 

Copper 0.00021 

Lead 0.000024 


the    S  (HS)  ions  contained 
in  a  tenth-normal  solution  of 
J      potassium  sulphide. 

Zinc,  which  is  completely  precipitated  by  hydrogen  sulphide 
in  acetic  acid,  should  have  a  product  still  smaller  than  cobalt, 
which  is  not.  Cobalt  and  zinc  show  the  disappearance  of  the 
anomalous  behavior,  cobalt  having  it  to  a  smaller  extent  than 
nickel,  and  zinc  not  showing  it  at  all.  We  see  from  the  results 
that  the  solubility-product  of  nickel  sulphide  is  about  100  times 
greater  than  that  of  copper  sulphide  and  1000  times  greater  than 
that  of  lead  sulphide.  This  means  that  equal  amounts  of  solu- 
tion, containing  the  same  ionic  concentration  of  metal  ions,  will 

be  precipitated  when  the  concentration   of   S    (HS)    ions  for 
-nickel,  copper,  and  lead  are  in  the  ratio 

1000  :  100  :  I. 

There  is  still  one  point  to  be  considered  in  the  behavior  of 
nickel  and  cobalt  sulphides.  When  the  sulphides  of  nickel, 
-cobalt,  and  zinc  are  treated  with  dilute  hydrochloric  acid,  the 
zinc  -dissolves,  leaving  the  sulphides  of  cobalt  and  nickel 
behind,  notwithstanding  the  fact  that  in  water  zinc  sulphide  is 
more  insoluble  than  these.  This  isalso  quite  easily  explained  and 
•depends  simply  upon  the  salt  solution  which  is  formed.  When  a 
sulphide  is  dissolved  in  acid,  as  has  already  been  mentioned,  the 

ions  of  H  and   S    (HS)  unite  to  form  hydrogen  sulphide.     This 

1  other  determinations  of  the  relative  solubility-products  are  being  made,  and  it  is 
proposed  to  find  also  the  absolute  values  by  comparison  with  the  value  of  one  of  the 
more  soluble  salts,  determined  by  the  method  of  the  electrical  conductivity. 
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removes  the  S  (HS)  ions  of  the  sulphide  from  the  solution  so 
that  more  salt  dissolves  and  has  its  ions  removed  in  the  same 
way.  Finally,  we  have  a  salt  of  the  metal  and  hydrogen  sul- 
phide gas.     The  salt  formed,  if  largely  ionized,  will  prevent  the 

sulphide  from  giving  off  enough  S    (HS)  ions  to  reach  with  the 

H  of  the  acid,  the  solubility-product  of  hydrogen  sulphide  r 
while  if  but  slightly  ionized  this  effect  will  not  be  noticed.  The 
whole  process  is  similar  to  that  of  the  formation  of  sulphide  from 
a  neutral  salt,  when  the  acid  formed  prevents  the  hydrogen  sul- 
phide from  dissociating  to  an  extent  sufficient  to  cause  the  solu- 
bility-product of  the  sulphide  to  be  exceeded.  This  is  the  pro- 
cess which  takes  place  when  we  attempt  to  dissolve  the  sulphides 
of  nickel,  cobalt,  and  zinc  in  dilute  hydrochloric  acid.  The  chlo- 
rides of  nickel  and  cobalt  are  nearly  completely  ionized  ;  t.  e,,  the 
conductivity  is  found  to  be  almost  constant  for  all  dilutions.  If 
then  a  small  amount  of  the  chloride  of  nickel  or  cobalt  is  formed 
it  will  prevent  any  more  being  produced.  In  the  case  of  zinc 
sulphide,  however,  the  ionization  is  not  so  great,  and,  in  addi- 
tion, the  solution  is  hydrolytically  dissociated  to  a  great  extent. 
Since  hydrolytic  dissociation  removes  zinc  ions  from  the  solution, 
less  of  the  depressing  effect  upon  the  solubility  of  the  zinc  sal* 
phide  is  observed  and  it  dissolves.  In  this  way  nickel  and  cobalt 
sulphides  do  not  dissolve  in  acid  in  which  zinc  sulphide  is  solu- 
ble, since  the  solubility  of  these  is  depressed  by  the  small  portion 
which  may  dissolve;  zinc  sulphide,  on  the  contrary,  retaining  its 
original  solubility,  dissolves.  As  a  direct  consequence  of  this 
the  nickel  and  cobalt  sulphides  should  be  formed  from  the  chlo- 
rides more  readily  than  zinc  sulphide.  There  are  undoubtedly  a 
number  of  examples  of  this  process  where  the  relation  of  solubility 
is  reversed,  but  it  is  believed  that  this  is  the  first  one  in  the  case  of 
a  salt  to  be  observed.  If  it  were  possible  to  find  a  salt  of  nickel 
and  cobalt  which  is  ionized  to  a  lesser  degree  than  the  corre- 
sponding one  of  zinc,  then,  if  the  latter  were  not  hydrolytically 
dissociated,  the  relation  in  regard  to  solubility  would  be  the  same 
in  the  acid,  which  would  form  that  salt,  as  in  water. 
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IN  order  to  estimate  the  amount  of  water  which  has  been 
added  to  a  sample  of  milk,  it  is  generally  necessary  to  make 
separate  determinations  of  the  specific  gravity,  the  total  solids, 
and  the  fat.  The  accurate  determination  of  at  least  two  of  these 
factors  is  a  matter  of  considerable  time,  and,  although  it  is  pos- 
sible to  shorten  the  time  to  a  certain  extent  by  the  use  of  such 
formulas  as  those  of  Fleischmann,  or  of  Hehner  and  Richmond, 
there  can  be  no  doubt  that  a  rapid,  and  at  the  same  time  accu- 
rate, method  for  determining  the  extent .  to  which  milk  has 
been  watered  would  find  extensive  application. 

The  most  successful  of  the  various  methods  by  which  it  has 
been  proposed  to  effect  this  direct  determination  of  added  water 
are  based,  in  general,  upon  the  fact  that  under  certain  conditions 
the  serum  or  liquid  portion  of  sour  milk  possesses  a  fairly 
constant  composition,  much  more  so  than  the  milk  itself.  The 
methods  by  which  the  milk  serum  is  obtained  depend  for  the 
most  part  upon  the  coagulation  of  the  milk  by  means  of  dilute 
acid.  Vieth'  recommends  letting  the  milk  sour  spontaneously 
by  standing  at  the  room  temperature  for  two  or  three  days  and 
then  separating  the  serum  from  the  coagulum  at  65''  C.  Other 
investigators  prefer  to  coagulate  the  milk  directly  by  the  addi- 
tion of  an  acid.  Dietsch'  and  Radulescu'  use  dilute  acetic  acid 
and  warm  the  milk.  Reich^  recommends  the  use  of  a  small 
quantity  of  glacial  acetic  acid  and  final  heating  of  the  milk  to 
loo**  C.  Sambuc*  heats  the  milk  to  40°-50*  with  two  cc.  of  an 
alcoholic  solution  of  tartaric  acid  of  a  specific  gravity  of  i  .030- 
1.032,  approximately  the  same  as  that  of  the  milk  serum  itself. 
The  whole  question  has  been  investigated  quite  thoroughly  by 
Radulescu,  who  has  made  a  study  of  the  conditions  necessary  in 
regard  to  the  strength  of  acetic  acid  employed,  the  temperature 

I  Ponchunsren    auf  dem  Gebiete  der  Viehhaltung  and  ihrer  Erzeugnisse,    1884^ 

(15).  334. 

«  Ckem.  Ztg.  (/«/),  323- 

•  Mitt,  aus  dem  pharm.  Ins.  and  I^boratoriumfarang.Chcm.  der  Univ.  Brlangen, 
(/«9o).  in,  93- 

^  Milch  Ztg.,  (789^).  274. 

>  Jour,  de  Pharm.  et  de  Chim.,  KiS&4)^  95* 
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to  which  the  mixture  should  be  heated,  and  the  time  required, 
in  order  to  obtain  satisfactory  results.  The  method  recom- 
mended by  Radulescu  is  as  follows :  To  100  cc.  of  the  milk  is 
added  two  cc.  of  twenty  per  cent,  acetic  acid,  and  the  mixture  is 
heated  in  a  water-bath  at  85^  C.  for  five  or  six  minutes,  as  a 
result  of  which  the  <iasein  separates  in  the  form  of  a  compact 
cake  and  is  easily  filtered  off.  After  being  thoroughly  mixed 
the  filtrate  is  cooled  to  15^  C.  and  its  specific  gravity  taken. 
The  acid  used  is  variously  stated  in  different  portions  of  Radn- 
lescu's  paper  to  be  **twenty  per  cent,  acetic  acid,"  "twenty-five 
per  cent,  acid, ' '  and  acetic  acid  having  a  specific  gravity  of  i  .0294, 
which  is  about  twenty- two  per  cent,  strength.  In  the  determi- 
nations which  I  have  carried  out,  using  practically  the  same 
method  as  that  proposed  by  Radulescu,  I  have  found  that  for 
the  richer  samples  of  milk  the  twenty  per  cent,  acid  is  too  dilate, 
failing  to  entirely  precipitate  the  casein,  but  that  the  acid  of 
twenty-five  per  cent,  strength  is  sufficient  in  all  cases. 

After  a  number  of  experiments,  following  at  first  as  nearly  as 
possible  the  procedure  recommended  by  Radulescu,  subsequently 
making  such  modifications  in  the  method  as  were  found  advisa- 
ble in  order  to  secure  more  nearly  uniform  results,  I  have 
adopted  the  following  procedure:  100  cc.  of  the  milk,  which 
should  be  at  a  temperature  of  about  20"*  C,  are  thoroughly 
mixed  with  two  cc.  of  a  twenty-five  per  cent,  solution  of  acetic 
acid,  specific  gravity  1.0350,  in  a  small  beaker.  The  beakers, 
kept  covered  with  watch-glasses,  are  heated  for  twenty  minutes 
in  a  water-bath  kept  at  a  temperature  of  70**  C,  the  temperature 
of  the  milk  samples  being  brought  gradually  by  this  means  to 
about  65^  C.  The  beakers  are  then  removed  from  the  water- 
bath  and  placed  immediately  in  ice-water,  where  they  are 
allowed  to  reiiiain  for  ten  or  fifteen  minutes,  after  which  the 
solutions  are  filtered  through  small,  dry,  plaited  filters,  the  first 
portion  of  the  filtrate,  which  generally  comes  thiough  cloudy, 
being  returned  to  the  filter;  After  the  filtrate  has  been  thor- 
oughly mixed  it  is  cooled  to  15^  C.  and  its  specific  gravity  taken 
by  means  of  a  Westphal  balance.  It  occasionally  happens,  more 
especially  with  normal  milk  or  milk  to  which  only  a  slight 
amount  of  water  has  been  added,  that  the  serum  which  is  thus 
obtained  has  a  slight  cloudiness  or  opalescence,  but  I  have  not 
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observed  that  it  causes  any  appreciable  difference  in  the  specific 
gravity.  For  assistance  in  studying  the  conditions  upon  which 
the  above  procedure  is  based,  I  am  indebted  to  Mr.  J.  W. 
Brown  and  Miss  J.  H.  Bartlett. 

In  the  following  table  (Table  I)  will  be  found  the  results 
obtained  on  samples  of  pure  milk  obtained  from  various  sources, 
and  on  mixtures  of  these  milks  containing  varying  percentages 
of  water,  by  the  method  that  I  have  outlined  above.  All  deter- 
minations of  specific  gravity  have  been  made  at  15°  C,  using  a 
delicate  Westphal  balance,  which  gave  the  specific  gravity  of 
pure  water  at  15*"  C.  as  i.oooo. 


TAur.K  I. 

specific 

Gravity. 

Serum. 

No. 

^ 

Milk.           Normal. 

Ten 
tr  cent, 
nrater. 

Twenty 

per  cent. 

water. 

Thirty 

per  cent. 

water. 

Forty 

per  cent. 

water. 

Fifty 
per  cent, 
water. 

I 

1.0337          ^ 

[.0297          ] 

[.0263 

1.0237 

1.0206 

1. 0180 

1. 0153 

2 

1.0334          1 

:.0294        ] 

[.0260 

1.0232 

1.0203 

1. 01 74 

I.015I 

3 

1.0340          ] 

t.0295        1 

[.0264 

1.0232 

I.02o6 

1. 01 75 

I.OI51 

4 

1.0324          1 

N0293           ] 

f.0259 

1.0233 

I.0202 

1. 01 78 

1. 0148 

5.   ... 

1.0336          ] 

[.0296        ] 

[.0262 

1.023s 

1.0205 

1.0177 

I.OI53 

6 

1.0328          ] 

t.0293        ] 

[.0258 

1.0233 

1 .0202 

1. 0174 

1. 0148 

7 

1.0334 

[.0292        ] 

[.0260 

1.0233 

1.0202 

1.0175 

1. 0149 

8 

1.0325          ] 

E.0294        ] 

[.0260 

1.0234 

1. 0201 

I.OI75 

I.OI52 

9 

1.0339          ^ 

[.0296        ] 

[.0262 

1.0236 

1.0206 

1. 01 78 

I -0153 

10 

1.0335          ^ 

r.0296        ] 

[.0261 

1.0235 

1. 0204 

1. 01 74 

1. 0148 

II 

1.0329          ] 

[.0292        1 

1.0259 

I.02M 

1.0203 

1.0173 

1.0148 

Av.... 

1.0335          1 

[.0294 

1 .0261 

1.0234 

1.0204 

1.0175 

1. 01 50 

The  specific  gravity  of  the  serum  from  milk  at  a  given  dilution 
is  shown  by  the  table  to  be  a  fairly  constant  quantity,  the  aver- 
age decrease  for  each  ten  per  cent,  of  water  being  0,0031. 

The  specific  gravities  given  in  Table  I  were  obtained  on 
samples  in  which  the  per  cent,  of  water  in  the  mixiute  varied  by 
ten.  As  might  naturally  be  expected,  if  the  results  are  calcu- 
lated on  the  basis  of  percentage  of  added  water  the  differences  in 
specific  gravity  are  not  so  great.  In  Table  II  are  given  the 
results  obtained  on  samples  of  pure  milk  to  which  varying  per- 
centages of  water  have  been  added. 


5o6 


A.    G.    WOODMAN. 


Tabi«b  II. 

Samples  rarying  by  ten 

per  cent. 

added  water. 

specific  GraTity. 

Serum. 

No. 

Milk.           Normat. 

Ten 
per  cent, 
water. 

Twenty 

per  cent. 

water. 

Thirty 

per  cent. 

water. 

Forty 
percent, 
water. 

Ftfty 

percent 

water. 

!.•. 

•    1-0536          1.0294 

1.0259 

1.0239 

1. 0219 

I.OI99 

1. 0189 

3>.. 

•    1-0333          1.0295 

1.0260 

1.0240 

1.0220 

Z.0200 

I.OI90 

3-- 

•    1.0534          1.0294 

1.0259 

1.0239 

1.0220 

1.0200 

1. 0190 

4... 

.    1.0330          1.0295 

1.0260 

1 .0239 

1. 022 1 

1. 0201 

I.OI90 

5-- 

.    1.0324          1.0294 

1.0259 

1.0239 

1.0220 

1. 0199 

1. 0190 

6.,.. 

.    1.0328          1.0294 

X.0260 

1.0239 

1.0220 

1.0200 

1. 0190 

7.... 

1.0340          1.0294 

1.0260 

1.0239 

1.0220 

1.0200 

1. 0190 

8.... 

•    1.0337          1.0296 

1. 0261 

1.0240 

1. 0221 

1. 020 1 

I.OI90 

9.... 

•    1.0330          1.0294 

1.0259 

1.0239 

I.022I 

1.0200 

1. 0190 

10... 

.    1.0335          1.0295 

1.0260 

1.0239 

1.0220 

1. 0199 

I.OI89 

Av.. 

.    1.03327        1.02945 

1.02597 

1.02392 

1.02202 

1,01999 

I.01898 

These  results  confirm  the  conclusion  reached  by  Radulescu, 
that  the  specific  gravity  of  the  serum  from  normal  milk  is  never 
below  1.027,  and  in  no  case  of  those  examined  was  it  found  to 
be  below  1.0290.  The  decrease  in  specific  gravity  caused  by 
the  addition  of  ten  per  cent,  of  water  varied  from  0.0035  to 
o.ooio.  The  statement  is  made  by  Radulescu,'  that  the  addi- 
tion of  each  ten  per  cent,  of  water  to  normal  milk  lowers  the 
specific  gravity  of  the  serum  by  0.0005  ^o  o.ooio  and  this  value 
is  also  given  by  Konig.*  This  is  evidently  an  error,  for  from 
the  preceding  table  it  will  be  seen  that  the  decrease  actually 
obtained  is  considerably  higher  and  as  a  matter  of  fact  the  difier- 
ences  shown  in  Radulescu's  tabulation  of  results  vary  from 
0.0029  to  0.0012.  I  do  not  consider  it  advisable  to  determine 
the  amount  of  total  solids  and  of  fat  in  the  milk  serum,  as  recom- 
mended by  Radulescu,  because  if  this  is  done  the  method  ofiers 
no  special  advantages  as  far  as  regards ,economy  of  time  and  ease 
of  execution  over  those  ordinarily  used. 

The  method  as  originally  proposed  by  Radulescu  has  been 
criticised  by  E.  Reich'  on  the  ground  that  only  a  partial  clarifica- 
tion of  the  milk  is  effected,  the  precipitation  and  removal  of  the 
albumen  not  being  complete  at  the  temperature  to  which  the 

1  Loc.  ctt. 

*  Die  Untersuchung  landwirtachaftlich  und  ffewerblicb  wlchtif  er  Stoffe,  Bd.  USft), 
361. 
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mixture  is  heated.  The  following  modification  of  the  method 
has  been  proposed  by  Reich  :  100  cc.  of  the  milk  is  thoroughly 
shaken  in  a  200  cc.  flask  with  four-tenths  cc.  glacial  acetic  acid, 
the  mixture  heated  for  five  or  six  minutes  at  6o*'-65*,  cooled,  and 
the  liquid  portion  poured  off  into  fifty  cc.  Erlenmeyer  flasks. 
These  are  hung  for  five  or  six  minutes  in  a  boiling  water-bath, 
then  rapidly  cooled  in  ice-water.  The  casein  and  albumen  are 
removed  by  filtering  through  a  small  dry  Swedish  filter  and  the 
specific  gravity  of  the  filtrate  taken  at  is"*  C.  I  have  determined 
the  specific  gravity  of  the  serum  from  five  samples  of  milk 
diluted  with  varying  percentages  of  water  by  Reich's  method 
and  also  of  the  same  samples  by  the  modification  of  Radulescu's 
method  previously  described.  These  results  are  given  in  the 
following  Table  (III): 

Table  III. 

Specific  gravity. 

Serum. 

* ^ 

Ten  Twenty         Thirty  Forty  Fifty 

per  cent,      per  cent.       per  cent,      per  cent,   per  cent. 
No.  Milk.  Normal.        water.  water.  water.  water.        water. 

According  to  Radulescu^s  Method  Modifiea, 

1 1*0337     1.0294     1.0259     1.0239     1.0220     1. 0199     I.OIQO 

2 1. 0319  1.0294  1.0260  1.0240  1.0220  1*0199  1. 0190 

3 1*0338  1.0295  1.0260  1.0239  1.0220  1.0200  1. 0189 

4 i.o^o  1.0294  1.0259  1.0239  1.0219  1.0200  1.0189 

5 1.0328  1.0294  1.0260  1.0240  1.0220  1.0200  1. 0190 

Same  Samples  According  to  Reich^s  Method, 

1 1*0337  1*0293  1.0266  1.0240  1.0224  1.0205  1. 0196 

2 1.0319  1.0289  1.0257  1.0234  1.0219  1.0200  1.0182 

3 1*0338  1.0292  1.0264  1.0245  1.0226  1.0207  1.0x99 

4 1.0340  1.0296  1.0264  1.0243  1.0225  1.0205  1. 0198 

5 1.0328  1.0295  1.0270  1.0247  1. 02 1 7  1. 02 10  1. 0199 

The  claim  of  Reich  that  his  method  yields  concordant  results 
which  are  uniformly  lower  than  those  obtained  by  Radulescu's 
method  is  not  borne  out  by  the  figures  shown  in  the  above  table. 
It  has  been  my  experience  that  the  method  offers  no  advantages 
over  that  of  Radulescu,  being  more  tedious  to  carry  out  and 
giving  results  which  vary  more  widely. 

As  an  illustration  of  the  degree  of  accuracy  with  which  the 
amount  of  added  water  in  milk  may  be  estimated  from  the 
specific  gravity  of  the  milk  serum  I  give  the  following  results 
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obtained  on  two  samples  purchased  at  a  city  grocery  and  sup- 
posed to  be  pure  milk : 

X.  a. 

Specific  gravity  milk i  .0282  1.0263 

•'  **  *'    serum 1.0257  1.0234 

The  Specific  gravity  of  the  serum  indicated  in  one  case  ten  per 
cent,  and  in  the  other  twenty  per  cent,  of  added  water.  The 
amount  of  added  water  calculated  from  careful  determinations  of 
the  total  solids  and  of  the  fat  was  very  close  to  this,  being  9.8 
per  cent,  for  the  first  sample  and  19.6  per  cent,  for  the  second. 
The  method  is  easy  to  carry  out  and  should  prove  to  be  of  con- 
siderable value. 

Massachubbtts  Institute  op  Technology, 
February,  1899. 
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DETERniNATION  OP  CALClUn  AND  HAQNESIUM 

IN  ASHESJ 

By  J.  K.  Haywood. 
Received  March  15, 1S99. 

THOSE  who  have  had  any  considerable  number  of  ash  samples 
to  analyze  according  to  the  method  adopted  by  the  AssocL 
ation  of  Official  Agricultural  Chemists,  cannot  help  having  been 
struck  with  the  extreme  difficulty  of  determining  calcium  and 
magnesium.  The  whole  trouble  consists  in  washing  the  volu- 
minous precipitate  of  basic  acetate  of  iron  and  phosphate  of  iron, 
which  is  not  only  so  bulky  as  to  be  troublesome,  but  also  com- 
mences to  run  through  the  filter  soon  after  washing  is  begun. 

The  following  work  was  undertaken  with  the  idea  of  showing^ 
that  this  washing  can  be  entirely  done  away  with,  without  seri- 
ously affecting  the  accuracy  of  the  results.  To  do  this  the  pre- 
cipitation of  the  phosphoric  acid  and  iron  from  the  solution  of 
calcium  and  magnesium  was  made  in  a  500  cc.  flask,  the  solu- 
tion then  cooled  to  room  temperature,  m^de  up  to  the  500  cc. 
mark,  and  well  sAaketi.  250  cc.  of  this  solution  were  then  filtered 
off  through  a  dry  filter,  keeping  the  funnel  covered  to  prevent 
evaporation,  evaporated  to  a  small  volume,  ammonia  added  to 
get  rid  of  any  small  traces  of  iron  that  might  have  dissolved  in 

1  Read  At  the  meetiiiff  of  the  Washington  Section,  March,  1899. 
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the  liquor  (nothing  like  the  large  amount  that  comes  through 
the  filter  when  the  precipitate  is  washed),  and  the  solution  again 
filtered.  •The  manganese  is  removed  with  bromine  and  ammo- 
nia, and  calcium  and  magnesium  determined  in  the  filtrate.  It 
will  be  noticed  that  this  method  does  not  correct  for  the  volume 
occupied  by  the  precipitate  of  basic  acetate  of  iron  and  phos- 
phate of  iron,  and  it  was  to  show  that  this  correction  is  imma- 
terial that  the  following  work  was  undertaken. 

For  purposes  of  analysis  three  powders  were  prepared  :  one 
containing  approximately  ten  per  cent,  of  lime,  three  and  five- 
tenths  per  cent,  of  magnesia,  and  86.5  per  cent,  of  sand  ;  two 
containing  twenty  per  cent,  lime,  five  per  cent,  of  magnesia,  and 
seventy-five  per  cent  of  sand  ;  and  three  containing  thirty  per 
cent,  of  lime,  nine  per  cent,  of  magnesia,  and  sixty-one  percent, 
of  sand.  Ten  grams  of  each  powder  were  dissolved  in  hydro- 
chloric acid  and  filtered  to  a  volume  of  500  cc,  aliquot  portions 
being  taken  for  analysis. 

Analyses  of  the  above  powders  showed  the  following  per  cents, 
of  calcium  and  magnesium  oxides  : 

I.  II.  III. 

Lime 9.81  19.74  29.78 

9.85  19.66  29.86 

Average 9.83  i9-70  '9.82 

Magnesia 3.69  5.28  8.90 

3.71  5-26  8.90 

Average 3.70  5.27  8.90 

Aliquot  portions  were  again  taken  from  the  solutions  prepared 
as  above  and  phosphoric  acid  was  added  to  each  portion, 
amounting  in  the'  case  of  solution  I  to  five  per  cent,  of  the 
total  amount  of  powder  used,  in  the  case  of  solution  II  to  ten 
per  cent,  of  the  total  amount  of  powder  used,  and  in  the  case  of 
solution  III  to  twelve  per  cent,  of  the  total  amount  of  powder 
used.  Enough  ferric  chloride  was  added  to  precipitate  all  phos- 
phoric acid,  and  these  portions  analyzed  according  to  my  method 
mentioned  above,  with  the  following  results  : 

I.  II.  III. 

Lime 9.80  19.73  29.52 

9-7^  1980  29.54 

Avenge 9.78  19.76  29.53 
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I.  II.  m. 

Magnesia 3.75  5.21  8.95 

3.82  Lost  8.93 

••^mimmm^  ^^^m^mm  m-m^m^mm         • 

Average 3.79  5.21  8.94 

showing  practically  the  same  results  as  those  obtained  above 
when  no  volume  of  a  precipitate  was  neglected. 

In  the  case  of  solution  III  a  rather  extreme  case  was  next  tried 
by  adding  enough  phosphoric  acid  to  correspond  to  twenty  per 
cent,  of  the  original  powder.    The  results  were  : 

III. 

Lime 29-74  Magaesia 9.19 

29.90  9.21 

Average 29.82  9.20 

In  my  work  last  year  on  the  official  ash  sample,  which  con- 
tained 9.83  per  cent,  of  phosphoric  acid,  the  calcium  and  mag- 
nesium were  determined  according  to  the  above  method  with 
the  following  results,  in  triplicate  : 

Lime ii>94  Magnesia 5.83 

"•94  5.75 

"•97  5-77 

Average  11.95  5-78 

as  against  an  average  of  lime  11.62,  magnesia  5.74,  by  the  other 
chemist  engaged  in  the  work. 

The  results  obtained  arranged  in  tabular  form  were  : 

No.  I. 

Lime.    Mapiesia. 

Before  adding  phosphorus  pentozide 9.83         3.70 

After  adding  five  per  cent,  phosphorus  pentozide  •     9.78         3.79 

No.  2. 

Lime.     Magnesia. 

Before  adding  phosphorus  pentoxide i9-70         5-^7 

After  adding  ten  per  cent,  phosphorus  pentoxide  •  19.76         $.21 

No.  3. 

lime.     Magaeaia. 

Before  adding  phosphorus  pentoxide 29.82         8.90 

After  adding  twelve  per  cent,  phosphorus  pentox- 
ide    29.53         8.94 

After  adding  twenty  per  cent,  phosphorus  pentox- 
ide    29.82         9.20 
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Official  Ash. 

Lime.     Magnesia. 

Washing  precipitate 11.62         5.74 

Not  washing  precipitate ii*95         5-78 

In  the  case  of  ashes  which  contain  a  larger  per  cent,  of  phos- 
phoric acid  than  that  included  in  the  limits  of  this  paper,  a  small 
correction  may  be  necessary  for  the  volume  occupied  by  the  pre- 
cipitate. On  account  of  lack  of  time  I  will  reserve  the  investi- 
gation of  this  subject  for  a  future  paper. 
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1.  THE  OBJECT  OP  THE  INVESTIGATION. 

THE  theory  of  the  effect  of  one  di-ionic  electrolyte  upon  the 
solubility  of  another  with  different  ions  has  already  been 
•developed  by  Noyes',  and  confiVmed  by  our  researches'  and 
those  of  Noyes  and  Schwartz/  The  solubility  of  tri-ionic  elec- 
trolytes in  the  presence  of  other  electrolytes  with  an  ion  in  com- 
mon has  also  been  investigated.^  The  solubility  of  tri-ionic  elec- 
trolytes in  the  presence  of  other  electrolytes  with  different  ions 
has,  however,  heretofore  not  been  considered,  except  from  a 
purely  theoretical  standpoint.  The  object  of  this  article  is  to 
-discuss  theoretically  a  special  case  of  this  phase  of  solubility 
'effect,  and  to  communicate  experiments,  which  confirm  the  the- 
ory.- The  special  case  chosen  is  the  solubility  of  calcium  hydrox- 
ide in  the  presence  of  ammonium  chloride,  in  which  case  a 
weakly  dissociated  substance,  ammonium  hydroxide,  is  formed 
fay  metathesis. 

2.  THEORY  OF  THE  SOLUBILITY  EFFECT. 

Consider  a  solution  of  any  di-ionic  electrolyte,  CD^  which  is 

saturated  with  a  tri-ionic  electrolyte,  AB^,     In  accordance  with 

the  reaction 

AB^  +  2CD  =  AD,  +  2CB 

\  Reftd  at  Uie  Boston  Mectinir  of  the  American  Chemical  Society,  Ausruat  a^,  1898. 

•  Ztxhr.phyi.  Oum,^  27,  267. 
i  This  JouRif  Ai,,  so,  731. 

4  /Md.,  aok  74a. 

*  ZUchr.  pkys.  Ckem.,  9,  623  ;  96,  153. 


^12  ARTHUR  A.  NOYES  AND  EDWARD  S.  CHAPIN. 

certain  quantities  of  the  undissociated  substances  AD^  and  CB^ 
will  be  formed,  so  that  the  solubility  of  AB^  will  be  greater  than 
that  in  pure  water ;  for  it  exists  in  the  solution  not  only  in 
the  form /I  ^,  audits  ions  (as  in  pure  water),  but  also  in  the 
form  AD^  and  CB,  Suppose  that  the  substances  CD  and  AD^ 
are  strongly  dissociated,  in  which  case  their  undissociated 
amounts  may  be  determined  with  sufficient  exactness  from  their 
electrical  conductivities  ;*  and  suppose  that>the  substance  CB  on 
the  contrary  is  only  slightly  dissociated,  and  that  it  conforms  to 
the  laws  of  mass  action.  Designate  the  molecular  concentrations- 
of  the  ions  A,  B^  C,  and  D  by  the  same  capital  letters ;  the 
molecular  concentrations  of  the  undissociated  portions  of  the 
four  substances  AB^,  CD,  AD^,  and  CB  by  a,  b,  c,  and  d  re- 
spectively ;  the  solubility  of  AB^  in  pure  water  by  w, ;  the 
corresponding  degree  of  its  dissociation  by  a. ;  the  solubility^ 
of  /Iff,  in  a  solution  of  CD  of  concentration  n  by  m  ;  the  prod- 
uct 4  ml^l  by  k^ ;  and  the  dissociation  constant  of  CB  by 
kj.  The  two  following  equilibrium  equations  then  hold  true,, 
the  first  expressing  the  constancy  of  the  product  of  the  concen- 
trations of  the  ions  of  any  tri-ionic  salt  wit]i  which  a  solution  is- 
saturated,  and  the  second  the  relation  between  the  concentra- 
tion of  the  undissociated  portion  and  those  of  the  ions  of  any  di- 

ionic  salt. 

AXB*  =  k.  (i> 

CXB  =k^  (2) 

Prom  the  conditions  of  the  case  the  three  following  equations- 
may  be  derived  : 

A+a  +  c=m  (3) 

B  +  2a  +  d=2m  (4) 

C+*  +  ^=«  (5) 

These  five  equations  contain  only  five  unknown  quantities  ^^ 
B,  C,  d,  and  m,  and  can  therefore  be  solved  for  m.  For  brevity, 
we  substitute 

;c=:i»  —  a,  ^=«  —  h  and  r  =  -^-r — • 

After  elimination  the  following  equation  is  obtained : 

^^^_(2rr+4)x'+(rr*  +  4^  +  4r);c'— [(*^  +^)*-h4  ec\x' 

+  K^^  +  0'  +  *J=o,    (6) 

1  ZUchr.phys.  Ckem.^  97,  370. 
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an  equation,  which  after  the  substitution  of  the  numerical  val- 
aes,  may  be  solved  in  the  usual  manner.  The  method  of  calcu- 
lating the  values  of  b  and  c  (here  considered  to  be  known)  will 
be  explained  later  by  an  example. 

When  the  solutions  of  AB^  or  of  CD  are  very  dilute,  or  when 
in  the  case  of  moderately  concentrated  solutions  approximate 
values  only  are  desired,  the  values  of  b  and  of  c  may  be 
neglected,  and  the  equation  becomes 

rx'  —  ^  +  ^nx*—{k^+nyx-^k,z=zo.  (7) 

When,  on  the  contrary,  as  in  the  case  to  be  considered,  the 
substance  AB^  is  moderately  soluble,  the  concentration  of  CD  is 
considerable,  and  the  substance  CB  is  slightly  dissociated — the 
values  r,  k^,  and  b  are  negligible,  while  c  is  appreciable.  The 
-equation  then  becomes 

4^  —  4(«  +  c)x'  +  («•  +  ^nc)x  —  {en'  +  ^.)  =  o.    (8) 

3.    DBSCRIPTION  OF  THE  EXPBRIMBNTS. 

In  order  to  test  these  principles,  we  have  determined  the  solu- 
bility of  calcium  hydroxide  in  water  and  in  three  ammonium 
chloride  solutions  of  different  concentrations.  The  calcium  hy- 
•droxide  was  prepared  from  a  supposedly  pure  sample  of  the  same 
i>y  dissolving  in  hydrochloric  acid,  treating  with  ammonium  hy- 
-droxide  to  remove  other  metals,  precipitating  with  ammonium 
•carbonate,  and  igniting  this  precipitate  just  before  using  in  small 
-portions  in  a  platinum  crucible.  The  ammonium  chloride  was 
-prepared  by  precipitating  with  strong  hydrochloric  acid,  a  con- 
centrated solution  of  the  commercial  article,  and  three  times  re- 
•crystallizing  the  product  from  hot  water.  Two  solutions  of 
ammonium  chloride,  each  about  0.087  normal,  were  prepared 
independently.  From  these  were  prepared  by  dilution  solutions 
•of  one-half  and  one-fourth  the  original  concentration.  The  con- 
centrations of  the  strong  solutions  were  determined  gravimetric- 
ally  by  precipitation  with  silver  nitrate. 

The  solutions  were  saturated  in  the  usual  manner.*  As  they 
v^ould  not  settle,  they  were  filtered. 

On  account,  of  the  tendency  of  the  calcium  hydroxide  to  absorb 
carbon  dioxide  from  the  air,  this  was  done  in  air  free  from  this 
^as  within  a  vacuum  desiccator  containing  potassium  hydroxide. 

1  Ztsckr.pkyt.  Oum.^  9, 603. 
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The  apparatus  was  so  arranged  that  the  saturated  solutions  were 
sucked  from  the  bottles  in  which  saturation  took  place  directly 
into  the  desiccator  through  a  hole  in  the  top  onto  filters  which 
stood  in  graduated  flasks.  The  flasks  were  filled  a  little  0¥er 
the  mark.  The  desiccator  was  then  opened,  the  liquid  in  the 
flasks  was  brought  exactly  to  the  mark  with  filter-paper  and  was 
then  emptied  into  Erlenmeyer  flasks  containing  not  quite  enough 
standard  hydrochloric  acid  to  neutralize  the  dissolved  calcium 
hydroxide.  The  titration  was  then  quickly  completed  with 
more  hydrochloric  acid,  using  methyl  orange  as  an  indicator. 

4.   THB  BXPBRIMBNTAL  RESULTS. 

The  following  table  contains  the  values  of  the  solubility  of  the 
calcium  hydroxide  at  25°  expressed  in  millimols  (thousandths  of 
a  molecular  weight)  per  liter. 

Cone  of  NH4CI       CoDC.  of  NH.Cl     Cone,  of  NH.Cl     Cone,  of  NH4CI 
0.0.  21.76  millimols.      43.53  milHtnols.      87.03  millimols. 

28.99 

29.09 

29.06 

2913 

29.13 
29.08 

In  order  to  test  the  theory,  it  is  necessary  to  know  in  addition 
to  these  solubility  values,  the  degree  of  dissociation  of  the  sub- 
stances involved.  In  the  case  of  ammonium  chloride,  calcium 
chloride,  and  ammonium  hydroxide,  reliable  measurements  of 
their  electrical  conductivities  had  been  previously  made  ;  but  in 
the  case  of  calcium  hydroxide  in  pure  water,  there  were  no  data 
available,  and  therefore  we  have  measured  it  ourselves.  The 
solutions  were  saturated  in  the  rotating  apparatus,  and  their 
conductivities  were  then  measured  by  the  usual  method  of  Kohl- 
rausch.  The  value  of  the  molecular  conductivity  of  a  0.02022 
molecular  solution  of  calcium  hydroxide  was  found  to  be  400.7' 
at  25°.  This  corresponds  to  a  degree  of  dissociation  of  0.808,  if 
according  to  Kohlrausch'  (>i^  (OH)  =  186)  and  to  Bredig* 
(A<«(Ca)  =  124),  496  is  assumed  as  the  limiting  value  of  the 
molecular  conductivity  of  calcium  hydroxide. 

>  Two  independent  aolntions  gave  400.5  and  400.9. 

>  Wied.  ifitit.,  50,408.    Kohlrausch  gives  165  as  the  value  for  #t»(OH)  at  18"  from 
which,  and  from  the  temperature  coefficient,  follows  the  value  x86  at  as** 

•  Ztsckr.  pkjtt,  OitM.,  13,  935. 


Bzp. 
No. 

Cone  ofNi 
0.0. 

I 

20.24 

2 

20.21 

3 
4 

20.23 
20.26 

5 
Mean 

20.14 
20.22 

39.12 

59-45 

39-31 

59-96 

3931 

59.60 

39.22 

59.67 

39-30 

59.74 

39.23 

59.68 
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5.  CAI,CUI,ATION  OF  THE  THEORETICAL  VALUES  AND   COMPAR- 
ISON OF  THEM  WITH  THE  EXPERIMENTAL  ONES. 

We  have  calculated  the  theoretical  values  by  equation  (8)  ; 
for  the  value  of  r  (0.000085)  and  that  of  kd  (0.000019),  are  ex- 
tremely small,  and  that  of  b^  even  in  the  most  concentrated  solu- 
tion (about  one-tenth  normal)  is  but  o.ooi  X  n..  The  small  value 
of  h,  the  quantity  of  undissociated  ammonium  chloride,  is  ex- 
plained by  the  fact  that  the  concentration  of  the  ammonijim 
ions,  on  account  of  the  weakness  of  the  ammonium  hydroxide, 
is  extremely  small.     The  constant  ka  (=  4»»V)  which  appears 

in  the  equation  is  equal  to  0.00001748 ;  for  according  to  our 
experiments  m^  =  0.02022,  and  a^  =  0.808.  The  value  of  r,  the 
undissociated  quantity  of  calcium  chloride,  varies  with  the  value 
of  If.  In  order  to  determine  the  value  of  c  in  the  different  cases, 
we  have  made  use  of  the  conductivity  measurements  of  Mac- 
Gregory.'  From  his  data  at  the  concentrations  0.0 1,  0.05,  and 
0.1  normal  we  Calculated  first  the  degree  of  dissociation  by  divi- 
ding by  the  limiting  value  (;^«(t  CaCl.)  =110),  and  then  the 
empirical  dissociation  constant  k\  by  van't  Ho£f*s'  formula, 


c? 


where  Ci  represents  the  concentration  of  the  ions  and  c^  that  of 
the  undissociated  substance.  From  this  constant  the  values  of 
c  may  then  be  calculated  conversely  with  sufficient  exactness  by 
the  equation  : 

m 

in  which  A  may  be  put  equal  to  x  (an  estimated  value  of  x 
being  uised)  and  D  equal  to  n.  The  values  of  c  thus  calculated 
are:  0.0032  for  n  =  0.0217  ;  0.0074  for  n  =  0.0435  ;  and  0.0180 
for  n  =  0.087.     They  are,  therefore,  appreciable  quantities. 

The  following  table  contains  the  calculated  solubilities  together 
with  those  found  by  experiment,  both  expressed  in  millimols 
per  liter. 

1  J%jFS.  Review^  a*  yjo. 

>  Ztschr.phys.  Ckem.,  x8,  300. 


5i6  "turbidity"  in  water. 

}f  BotnbllUr  (rf  CBldum  brdroxlde. 

ide.  Foadd.  Calcnlated. 

21.76  29.08  28.09 

4353  3ft-33  3«-6 

87^  59-69  58.3 

The  agreemcDt  is  satisfactory.  The  theory  developed  regard- 
ing the  effect  of  dt-ionic  electrolytes  on  the  solubility  of  tri-ionic 
electrolytes  with  different  ions  is  therefore  confirmed. 


ilEASUREnENTS  OF  "TURBIDITY"  IN  WATER. 


THE  method  of  expressing  turbidity  in  words  is  so  unsatis- 
factory that  the  writer  has  for  some  time  past  employed 
the  following  means  of  securing  numerical  results :  The  change 
WTTTmrrniJir  has  proved  of  decided  advantage,  particularly 
^mn-iiiiiM^     foran  examination  of  filtrates  and  storage  waters. 
Use  is  made  of  a  brass  tube  two  and  one-half 
inches  in  diameter  and  two  feet  lOng,  closed  at 
the  ends  by  disks  of  quarter-inch   plate  glass 
held  in  place  by    screw-caps.'     Such  tubes  are 
easily  cleaned  and  give  excellent  satisfaction. 

For  the  purpose  of  measuring  the  amount  of 
turbidity,  a  standard  is  prepared,  consisting  of 
one  gram  of  exceedingly  fine  kaolin  (obtained 
by  elutriatioo)  suspended  in  oae  liter  of  distilled 
water.     Each  cubic  centimeter  of  this  prepara- 
tion will  contain  one  milligram  of  suspended  clay. 
Having  nearly  filled  the  duplicate  observation- 
tube  with  distilled  water,  enough  of  the  ' '  clay 
standard"  is  added  to  make  the  turbidity  equal 
to  that  of  the  water  under  examination  in  the 
,  other  lube.     Knowing  the  volnme  of  water  op- 
erated upon  and  the  amount  of  "clay  standard"  used,  the  tur- 
bidity expressed  in  parts  per  million  can  readily  be  calculated. 
It  should  be  noted  that  although  the  tube  containing  the  "  clay 
standard"  is,  of  necessity,  not  completely  full,  yet  by  inclining 

ISuchtabMDujr  be  obuiDcd  fmm  RlchardBft  Ci>..3oBait  iStfa  St..  Mew  Verk  CII7. 
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its  barrel  towards  a  horizontal  position  the  required  observation 
depth  of  two  feet  is  easily  obtained. 

Any  quickly  subsiding  material  present  should  be  classed  as 
sediment  rather  than  turbidity.  To  determine  the  same  it  would 
be  best  to  decant  the  water  above  such  deposit  and  then  catch  it 
tipon  a  weighed  filter  or  in  a  Gooch  crucible. 


THE  TOXIC  ACTION  OF  SODIUH  FLUORIDE.' 

Bt  Hbrbbrt  B.  Baldwin. 
Received  April  lo.  1899. 

THE  title  of  this  article  was  suggested  by  a  recent  case  of  acci- 
dental poisoning  by  meansof  sodium  fluoride.  Thesubstance 
is  now  largely  sold  as  an  insecticide  put  up  in  tin  cans  resembling 
baking-powder  boxes.  In  this  way  and  on  account  of  its  now 
somewhat  extended  use  in  the  arts  there  is  considerable  liability 
of  accidental  poisoning  from .  it.  The  possibility  of  future 
accidents,  and  the  fact  that  in  searching  for  literature  on  the  salt 
as  a  toxic  agent  no  record  was  found  of  any  severe  or  fatal 
poisoning,  induced  the  writer  to  present  a  brief  history  of  the 
case  together  with  such  other  information  as  could  be  collected. 

Some  pan-cakes  served  for  breakfast  were  partaken  of  by  six 
or  seven  persons.  Some  ate  very  sparingly,  one  woman  only  a 
portion  of  one,  while  one  man  ate  three  or  four  of  them.  All 
who  had  eaten  vomited  within  five  to  fifteen  minutes  afterward. 
In  some  cases  purging  occurred,  in  others  it  did  not.  In  one 
case,  at  least,  this  purging  and  occasional  vomiting  continued 
for  a  day  or  more,  with  pains  in  the  limbs  complained  of. 

In  the  case  of  the  man  who  ate  three  or  four  cakes,  vomiting 
commenced  early,  but  he  soon  recovered  sufficiently  to  attend  to 
his  duties  as  bartender  until  early  in  the  afternoon  when  he  was 
obliged  to  retire  to  his  room.  He  died  early  in  the  evening  of 
the  same  day,  practically  without  medical  attendance.  Further 
symptoms  in  the  case  could  not  be  ascertained. 

At  the  time  this  occurred  it  was  supposed  to  be  a  case  of 
criminal  poisoning  and  some  milk  used  in  mixing  the  cakes  was 
suspected.  An  analysis,  by  the  writer,  of  this  milk  and  a  portion 
of  the  viscera  of  the  deceased  failed  to  detect  any  of  the  usual 
mineral  poisons.     But  a  small  amount  (0.007  gram)  of  what 

^  Acad  at  the  meeting  of  the  New  York  Section,  April  7. 1899. 
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looked  like  ordinary  white  sand  was  separated  and  preserved. 

Further  investigation  by  the  aathorities  resulted  in  finding  a 
box  of  roach  poison  by  the  side  of  the  baking-powder  box  and 
an  analysis  showed  it  to  consist  of  sodium  fluoride  which  con- 
tained as  an  impurity  a  small  amount  of  sand  which  was 
microscopically  identical  with  that  recovered  from  the  stomach 
of  the  deceased. 

This  served  as  a  clue,  and  although  the  contents  of  the 
stomach  had  been  destroyed,  a  little  mucus  scraped  from  a 
small  portion  of  tissue  that  had  remained  in  the  laboratory  for 
six  weeks,  contained  enough  of  the  poison  to  be  detected  with 
certainty. 

The  mucus  was  macerated  with  a  little  water  and  filtered. 
The  filtrate  was  precipitated  with  calcium  chloride  and  a  very 
small  precipitate  (probably  two  or  three  milligrams)  of  calcium 
fluoride  obtained.  This,  after  drying,  was  sufficient,  when 
mixed  with  a  fraction  of  a  drop  of  sulphuric  ^acid,  to  strongly 
etch  a  piece  of  glass.  The  sodium  was  detected  before  precipi- 
tating by  means  of  flame  coloration  and  the  spectroscope. 

There  was  no  means  of  knowing  exactly  what  the  fatal  dose 
had  been  in  this  case,  but  judging  from  the  relative  amounts  of 
sand  in  the  stomach  and  the  roach  poison,  it  must  have  been  at 
least  ten  grams. 

The  stomach  was  nearly  empty  and  contained  only  a  small 
amount  of  a  gray  slimy  mucus  that  clung  rather  tenaciously  to 
the  mucous  membrane  which  was  somewhat  inflamed. 

While  the  above  investigation  was  in  progress  an  almost 
identical  accident  occurred  in  another  city.  Here  fairly  accurate 
data  were  obtainable  regarding  the  dose  and  symptoms. 

-  About  twenty-six  grams  of  the  fluoride  were  used  instead  of 
baking-powder  in  making  twenty-six  wheat  cakes  for  breakfast. 
One  brother  ate  nine,  a  daughter  six,  the  mother  (age  sixty-nine) 
five  and  another  brother  one.  Assuming  the  substance  to  have 
been  thoroughly  mixed,  the  amount  taken  by  each  was,  respec- 
tively, nine,  six,  five  and  one  grams. 

The  symptoms  varied  considerably  as  follows:  The  man  who 
had  taken  nine  grams  was  seized  with  very  violent  cramps  almost 
immediately  afterward.  These  continued  at  frequent  intervals 
for  about  thirty-six  hours  and  were  followed  by  severe  pain  for 
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three  or  four  days  before  recovery.  Purging  commenced  quite 
early  and  vomiting  in  about  four  hours.  Retching  continued 
for  two  or  three  days. 

The  daughter  who  had  taken  six  grams  felt  sick  when  eating 
the  last  cake  and  vomited  in  five  or  ten  minutes.  Sometime 
afterward  she  took  some  mustard  water  and  vomited  again. 
She  felt  weak  and  sick  for  two  days.     No  diarrhea. 

The  mother  took  but  five  grams  but  was  the  most  seriously 
affected  of  all.  Although  the  nauseous  feeling  commenced,  as 
with  the  others,  within  five  minutes,  she  did  not  \romit  for  about 
five  hours.  Diarrhea,  however,  began  in  fifteen  or  twenty 
minutes  and  was  a  serious  symptom  for  several  days.  She  was 
confined  to  her  bed  for  two  weeks  with  extreme  prostration  and 
did  not  completely  recover  for  four  weeks. 

Information  regarding  the  heart  and  lungs  could  not  be 
obtained  in  any  of  these  cases. 

Three  other  cases  were  heard  of.  One  was  a  man  who  was 
made  to  vomit  by  merely  tasting  the  substance  a  few  times  with 
the  object  of  finding  out  whether  it  was  borax  or  not.  Another 
one  (a  salesman)  had  tasted  the  salt  many  times  a  day  without 
any  ill  effects.  The  other  case  was  a  man  who,  while  intoxicated, 
took  in  mistake  for  Rochelle  salts  about  fifty  grains.  He  was 
soon  taken  with  violent  vomiting  and  purging  but  recovered  in 
a  few  days. 

Before  these  last  cases  cited  came  to  the  knowledge  of  the 
writer  and  before  any  literature  on  the  subject  had  been  found, 
he  made  the  experiment  of  taking  a  few  gradually  increased 
doses  of  sodium  fluoride  to  ascertain  its  toxic  action  upon  him- 
self. Merely  tasting  small  quantities  produced  a  slight  feeling 
of  nausea  with  slight  salivation.  0.03  gram  swallowed  with 
some  bread  produced  no  effect.  Neither  did  0.09  gram  taken 
one  hour  later,  except  a  little  salivation.  0.25  gram,  however, 
taken  two  days  afterward  on  an  empty  stomach,  produced  nausea 
in  two  minutes.  This  gradually  increased  in  severity  for 
twenty  minutes  when  the  period  of  greatest  intensity  was 
reached.  There  was  a  largely  increased  flow  of  saliva  and 
some  retching  but  no  vomiting  occurred  at  that  time  although 
the  desire  was  very  great.  The  nausea  gradually  subsided  so 
that  luncheon  could  be  eaten  (without  relish),  but  vomiting  took 
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place  immediately  on  its  completion  which  was  two  hours  after 
taking  the  poison.  Slight  nausea  continued  throughout  the 
following  day  but  disappeared  on  the  second  day. 

Although  some  of  the  toxic  properties  of  sodium  fluoride  have 
long  been  known,  no  reference  was  found  in  the  literature  of 
anyone  who  had  taken  a  large  dose  of  it.  This  is  probably  due 
to  its  very  limited  commercial  use  in  former  days. 

As  long  ago  as  1867  Rubuteau'  in  experiments  on  dogs  and 
rabbits  found  that  in  dogs  five-tenths  gram  given  by  the  mouth 
made  them  sick  but  that  0.25  gram  was  without  action.  One 
gram  injected  into  the  blood  caused  serious  symptoms  but  was 
not  fatal.  In  rabbits  0.25  gram  by  the  mouth  made  them  sick 
and  the  same  amount  injected  was  fatal. 

These  results  do  not  agree,  as  regards  the  lethal  dose,  with 
similar  experiment^  made  later  by  others,  and  Rubuteau  after- 
ward says  that  the  purity  of  the  fluoride  used  was  questionable. 

Kolipinski'  in  1S86  used  it  medicinally  with  g^d  results  in 
sympathetic  headache,  intermittent  fever  and  epilepsy  in  doses 
of  less  than  a  quarter  of  a  grain,  larger  doses  being  liable  to 
cause  nausea.  He  says  * '  that  five  grains  given  to  a  dog  on  meat 
produces  vomiting  in  a  few  minutes  which  continues  until  the 
stomach  is  empty,  and  may  then  cease  or  end  a  little  later  with 
much  retching  or  ejection  of  mucus.     *     *     *  , 

'*  The  intravenous  injection  of  a  toxic  dose  (three  grains  (or 
the  cat)  produces  in  this  animal  and  in  the  dog  death  in  a  few 
hours."  ♦  *  *  With  the  vomiting  may  occur  evacuation 
of  feces  and  urine.  *  *  *  At  intervals  there  are  moments 
of  unrest  with  twitchings  ortremors  of  the  limbs.  For  the  most 
part  the  animal  is  quiet  and  unconscious.  This  stage  begins 
with  the  cessation  of  vomiting  which  ends  within  the  first 
hour.  *  *  *  The  urine  is  slightly  albuminous  and  rich  in 
fluorine." 

The  same  authority  describes  an  experiment  where  he  gave  at 
the  same  time  to  each  of  three  males  one-eighth  of  a  grain  of  so- 
diumfluoride.  Theurinevoidedatthat  time  soon  became  turbid  at 
the  room  temperature,  while  that  passed  two  hours  later  re- 
mained clear  for  seven  days  from  the  perservative  effect  of  the 

1  l^de  expcrlmentBle  sur  les  effets  physloI.  des  fluomres.    PftrU,  XS67. 
s  Med,  News,  49,  No.  8,  Philadelphia,  i996. 
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fluorine  eliminated.  Urine  passed  one  to  two  hours  afterward 
qaickly  decomposed  as  usual. 

Shulz,'  1889,  found  that  when  subcutaneously  injected,  the 
lethal  dose  of  sodium  fluoride  was  for  rabbits  0.2  to  0.4  gram, 
for  dogs  0.3  gram  and  for  frogs  0.005  to  0.006  gram. 

Haidenhaid,*  1889,  stated  that  0.05  to  o.io  gram  for  kilogram 
of  body  weight  injected  into  the  blood  of  dogs  produced  death. 

Weinland,'  1894,  in  experimenting  with  the  sodium  salts  of 
the  halogens  on  mucous  membrane  from  the  throat  of  the  frog 
found  that  equimolecular  solutions  killed  the  membrane  in  the 
following  orders :  Sodium  fluoride  (two  and  one-tenth  .per  cent. ) 
in  one  minute ;  sodium  iodide  (seven  and  five-tenths  per  cent. ) 
in  ten  minutes;  sodium  bromide  in  forty-five  minutes,  and 
sodium  chloride  (two  and  nine-tenths  percent.)  in  sixty  minutes. 

P.  Griitzner/  1893,  found  the  same  order  of  sensitiveness  for 
nerves.' 

Czrellitzer,*  1895,  after  reviewing  the  work  of  others,  concludes 
that  sodium  fluoride  is  an  active  poison  for  micro-organisms  of  all 
kinds,  algae,  and  nerves  and  muscles  of  the  higher  organisms. 
He  proves  that  the  poisonous  action  is  stronger  on  some  kinds  of 
cells  than  others.  After  citing  the  theories  of  several  authors  he 
believes  there  is  no  satisfactory  explanation  of  the  way  in  which 
it  exerts  its  poisonous  action. 

It  appears  from  the  evidence  thus  far  obtained  that  the  most 
characteristic  symptoms  produced  by  sodium  fluoride  in  the  indi- 
vidual are  early  nausea,  vomiting,  and  salivation.  Its  detection 
may  be  accomplished,  as  in  the  case  cited,  by  precipitating  the 
solution  with  calcium  chloride  and  testing  the  calcium  fluoride 
obtained  for  fluorine.  The  results  of  Kolipinski's  experiments 
indicate  that  an  examination  of  the  urine  would  also  be  im- 
portant in  cases  of  suspected  poisoning. 

The  facts  ascertained  seem  sufiScient  to  class  sodium  fluoride 
among  the  less  violent  poisons  and  as  such  it  ought  to  find  a 
place  in  works  on  toxicology. 

1  Untenuchimsren  ttber  die  Wlrkung  des  Plaomatriums  nod  der  Pliissaure:  Arch.  f. 
czp.  Patb.  and  Ther.,  1889. 

>  Nene  Venuche  fiber  die  Auf  Mtiguiiflr  im  Dttndarm.— Pfldger's  Arch.,  1894. 
I  Ueber  Chenischc  Rcisunir  des  PlimmerepiUiel*.— Pflixg.  Arch.,  st,  1894. 

*  Ueber  ChemUche  Reisung  Motorische  Nerven:  Pfliig.  Arch.,  53, 1895. 

*  Zor  KentniM  dei  Plnomatrium,  Inaugnral  DitterUtkni,  firetUu,  2895. 
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A  mixture  of  a  soluble  sulphate  and  carbonate  transforms 
strontium  and  calcium  sulphates  into  carbonates,  leaving 
barium  sulphate  unchanged.  Ammonium  carbonate  has  also 
this  same  effect,  so  that  the  use  of  the  soluble  sulphate  seems 
superfluous.  The  object  of  this  paper  is  to  show  tue  action  with 
both  solvents,  to  calculate  the  effect  of  the  sulphate  added  or 
formed,  and  also  to  show  how  the  theories  of  physical  chemistry 
may  be-  applied  to  analytical  chemistry.  By  Nemst's  Laws,' 
for  saturated  solutions  the  undissociated  portion  of  an  insoluble 
salt  remains  constant  even  after  addition  of  a  salt  with  an  ion  in 
common.     In  the  equation  of  equilibrium  for  a  binary  salt, 

Kf=^:/„  (I) 

where  c  is  the  concentration  of  undissociated  salt  (in  gram-mole- 
cules per  liter)  and  c^  and  r,  are  those  of  the  two  ions,  K  being 
the  ionization  constant ;  R  and  c  are  both  constant  for  a  sat- 
urated solution,  hence 

c^c^  =  constant  =  solubility  product.  (2) 

The  meaning  of  this  product  may  be  expressed  as  follows:  for 
any  one  constant  temperature  the  two  ions  may  exist  free  to 
such  a  concentration  that  the  product  just  reaches  this  value. 
If  we  add  to  such  a  solution  a  salt  with  an  ion  in  common,  an 
undissociated  portion  is  formed  from  equivalent  amounts  of 
the  two  ions,  until  the  product  of  those  remaining  just  reaches 
the  value  of  the  solubility  product.  The  undissociated  portion 
being  increased  by  the  addition,  it  is  necessary  that  a  certain 
amount  of  it  separates  out  in  the  solid  form,  since  the  solution 
was  saturated.  In  exactly  the  same  way  a  substance  is 
always  less  soluble  in  a  solution  containing  an  ion  in  com- 
mon than  it  is  in  pure  water.  In  such  a  case,  one  ion  being 
present  to  a  large  extent,  the  substance  can  dissolve  only  so 
long  as  the  product  of  the  concentration  of  the  one  ion  into  the 
sum  of  those  of  the  two  portions  of  the  other  is  less  than  or 

1  See  Morpin  and  Gotthelf  :  This  Journal,  ai,  494. 
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equal  to  the  solubility  product.  These  relations  are  best  shown 
by  an  alteration  of  equation  2;  we  have  then, 

^j'(r,'  +  x)  =  solubility  product,  (3) 

when  r/  =  r,'  is  the  present  solubility  of  the  salt,  in  terms 
normal,  and  x  is  the  concentration  of  the  ions  added,  expressed 
in  the  same  terms.  When  x  and  the  solubility  product  are  both 
known  it  is  simple  to  find  c^  =  c* ;  or  when  ^/=  c^  is  known  as 
well  as  the  solubility  product  we  can  find  x.  In  all  cases  where 
cl  =  r,'  is  very  small  and  x  is  large,  c^  may  be  neglected  as  com- 
pared with  X  and  we  have 

c^x  =  solubility  product.  (4) 

In  all  cases  of  insolu'ble  salts  such  as  those  used  in  an  analysis, 
we  may  neglect  the  undissociated  portion,  and  consider  the 
major  portion  of  the  substance  as  present  in  the  ionic  state,  for 
in  such  dilute  solutions  the  undissociated  portion,  while  still 
existing,  must  be  exceedingly  small. 

By  use  of  these  equations,  and  especially  (2)  and  (3) ,  it  is  pos- 
sible to  calculate  from  the  solubility  of  a  substance  in  water  its 
solubility  product  and  also  its  solubility  in  presence  of  like  ions 
of  any  definite  concentration.  The  solubilities  which  form  the 
basis  of  this  paper  are  taken  from  Holleman.^ 

For  the  sulphates  and  carbonates  of  barium,  strontium  and 

calcium  by  (2)  at  20**  C,  we  have, 

+  +      — 

Ba  X  SO^  =  o.oooooooooi  (5) 

+  +      — 

Ba  X  CO,  =  0.0000000105  (6) 

+  +      — 

Sr  X  SO^  =  0.00000029  (7) 

+  +      — 

Sr  X  CO,  =  0.000000005  (8) 

+  +      — 

Ca  X  SO,  =  0.0629  (9) 

+  +      — 
Ca  X  CO,  =  0.0000000154  (10) 

In  saturated  water  solutions  of  these  salts  we  have  then  ionic 

concentrations  as  follows : 

+  +      — 

Ba  =.  SO,  =  o.ooooi  normal  (11) 

+  +      — 

Ba  =  CO,  =  o.oooi       ''  (12) 

++     — 

Sr  =  SO,  =  0.00054      '*  (13) 

^  Zisckr,  pkjfs.  Chem.,  it,  125-139. 
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+  + 

Sr  =  CO,  =  0.00007  normal  (14) 

Ca=  SO,  =  0.054  "  (15) 

+  +      — 

Ca=  CO,  =  0.000124  **  (i6> 

We  see  from  these  results  that  the  carbonates  of  strontium  and 
calcium  are  less  soluble  than  the  sulphates,  while  for  barium  the 
relation  is  reversed.     From  the  results  already  given  it  is  quite 

simple  to  find  the  concentration  of  CO,  ions  necessary  to  form 
the  carbonate  from  the  sulphate.     Thus  for  barium,  by  (6)  and 

Cii)  we  find  that, 

0.0000000105 
X  = ^  =  o.ooi  15  : 

O.OOOOI 

I,  e,,  it  is  necessary  to  have  a  minimum  of  0.00105  gram-mole- 
cules of  CO,  ions  to  the  liter  to  cause  the  solubility  product  of 
barium  carbonate  to  be  reached  in  a  saturated  solution  of  bariam 
sulphate. 

In  a  like  manner  we  find  values  of  CO,  for  strontium  and  cal- 
cium to  be  : 

CO.csr)  =j:=— ^ ^=0.0000092  normal   (by  (8)  and 

■^    '  0.00054  \  J    \  / 

(13)). 

CO,(ca)  =  ^  =  — ^ — ' ^  =  0.000000385  normal    (by   (10) 

and  (15)). 

These  values  would  not  cause  the  complete  transformation  of 
the  sulphate  into  carbonate,  but  anything  over  them  would 
cause  some  of  the  carbonate  to  be  formed.  It  must  always  be 
borne  in  mind  that  an  alkali  sulphate  is  formed  by  the  transfor- 
mation, and  that  the  S0«  ions  of  this  decrease  the  solubility  of 
the  insoluble  sulphate  so  that  equilibrium  would  be  reached 

unless  a  sufficient  excess  of  CO,  ions  are  present.     The  relation 

between  the  effect  of  the  SO,  ions,  and  those  of  CO,  may  be 
readily  calculated.  Thus  for  barium  sulpliate,  the  solubility  is 
depressed  from  o.ooooi  normal  to  o.ooooooooi  normal  by  a  tenth- 
normal solution  of  SO«  ions ;  x.  e., 

^  +  o.  I  =  o.oooooooooi . 

y  =  0.000000001  =  concentration  of  Ba  ions. 
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The  amount  of  CO,  ions  necessary  to  cause  the  solubility  prod- 
uct of  the  barium  carbonate  to  be  reached  is  then, 

o.ooooooooi  X  x=z  0.0000000105 

x=  10.5  normal. 

In  other  words  a  tenth-normal  solution  of  SO^  makes  it  neces- 
sary to  add  an  equal  amount  of  a  10.5  normal  solution  of  CO,  to 
cause  the  solubility  product  of  barium  carbonate  to  be  reached, 
and  until  that  concentration  is  exceeded  no  barium  carbonate 

can  be  formed.    The  tenth-normal  solution  of  SO^  has  not  such  a 

marked  effect  upon  the  formation  of  the  carbonates  of  strontium 

and  calcium.     Thus : 

+  +  — 

Sr  X  o.  I SO^  =  0.00000029 

Sr  =  0.0000029  solubility   of    SrSO^   in   presence    of 
f  + 
tenth- normal  SO^. 

0.0000029  X  CO,  =  0.000000005 

CO,  =  0.0017  normal. 
By  this  it  is  possible  to  explain  the  non-solution  of  barium  sul- 
phate in  ammonium  carbonate  and  in  a  solution  of  a  sulphate 
and  carbonate.     In  the  case  of  ammonium  carbonate  acting  upon 
the  three  sulphates,  those  of  strontium  and  calcium  form  rapidly, 

even  though  the  concentration  of  the  CO,  ions  is  small.  The 
barium  sulphate  may  also  dissolve  slightly,  but  the  soluble  sul- 
phate formed  during  the  reaction  will  soon  prevent  any  further 
formation,  and  that  formed  from  the  strontium  and  calcium  salts 
will  cause  the  reverse  transformation  to  take  place,  so  that  the 
barium  sulphate  transformed,  will  be  formed  again  and  its  solu- 
bility decreased  in  proportion  to  the  amount  of  SO^  ions.  Since 
our  object  is  to  make  the  precipitates  as  insoluble  as  possible  it 
is  always  well  to  have  an  excess  of  the  precipitant.  According 
to  Presenius  it  is  advisable  to  use  a  solution  containing  by  weight 
one-third  as  much  sulphate  as  carbonate.  The  carbonate  and 
sulphate  of  potassium  will  then  be  related  in  terms  normal  as 
1 : 0.4  ;  and  if  we  use  a  normal  solution  of  potassium  carbonate 
mixed  with  a  0.4  normal  solution  of  potassium  sulphate,  the  rela- 
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tion  of  the  ions  of  CO,  and  SO^  will  be  as  0.48  is  to  0.21  normal. 
Absolutely  no  barium  carbonate  will  then  be  produced  and  the 
solubility  of  the  barium  sulphate  will  be  depressed  to 

Ba  X  0.21  =  o.oooooooooi 

Ba  =  0.0000000005  normal. 

The  solubility  of  the  strontium  as  well  as  of  the  calcium  sul- 
phate will  be  depressed  but  slightly. 

Sr  X  0.21  =  0.00000029 
Sr  =  0.0000013 
0.0000013  X  CO,  =  0.000000005 

CO,  =  0.004  =  amount  necessary  to  form  solubility 

product. 
+  + 
Ca  X  0.21  =  0.0029 

Ca  =  0.014 

0.014  X  CO,  =  0.000000154 

CO,  =  o.oooooii  =  amount  necessary  to  form  solu- 
bility product. 

And  even  with,  the  soluble  sulphate  formed  during  the  reac- 
tion the  carbonates  will  be  produced  very  rapidly.  The  speed  of 
the  transformation  will  in  all  cases  be  proportional  to  the  differ- 
ence between  the  concentration  of  the  metallic  ions  from  the 
carbonate  and  sulphate.  The  separation  in  presence  of  ammo- 
nium carbonate,  then,  is  caused  by  the  soluble  sulphate  formed 
during  the  reaction  acting  upon  the  barium  sulphate,  thus 
making  it  more  insoluble,  while  it  has  practically  no  retarding 
effect  upon  the  transformation  of  the  other  two  sulphates.     When 

one  molecule  of  SO^  is  present  with  barium  sulphate,  it  counter- 
acts the  influence  of  105  molecules  of  CO,.  In  the  case  of  the 
mixture  of  carbonate  and  sulphate  the  amount  of  sulphate  has 
but  a  slight  depressing  effect  upon  the  strontium  and  calcium 
sulphates,  while  it  depresses,  to  a  very  great  extent,  the  solu- 
bility of  the  barium  sulphate.  The  excess  of  CO,  ions  has 
the  same  effect  upon  the  two  carbonates  so  that  the  three  salts 
are  made  as  insoluble  as  possible  and  are  separated  by  hydro- 
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chloric  acid,  the  calcium  and  strontium  being  then  separated  by 
other  reagents. 

All  the  above,  as  far  as  concerns  the  carbonates,  is  modified 
slightly  by  the  hydrolytic  dissociation  which  takes  place  in  the 
solutions.  The  relations,  however,  between  the  carbonates  and 
sulphates  will  remain  unchanged  since  the  hydrolytic  dissociation 
will  take  place  to  nearly  the  same  extent  in  the  solutions  of  all  three. 

REVIEW. 

A    BRIEF   HISTORY  OF   THE    MOVEMENT  FOR   IN- 
CREASING   THE    ACCURACY    AND    FOR    IM- 
PROVING    THE    CONSTRUCTION    OF 
CHEMICAL    MEASURING    IN- 
STRUMENTS. 

The  greater  part  of  the  matter  contained  in  this  paper  was 
compiled  for  the  use  of  the  '*  Committee  on  Standards  for  Chem- 
ical Measuring  Instruments"  of  this  society  and  formed  a  part 
of  that  committee's  report,  which  was  read  at  the  New  York 
meeting  in  December  last,  and  which  is  now  before  the  commit- 
tee for  the  reconsideration  of  some  minor  details,  in  accordance 
with  a  promise  made  to  a  minority  of  the  committee.  I  may 
state,  however,  that  the  committee  has  unanimously  agreed  to 
the  proposition  that  the  society  extend  a  formal  invitation  to  the 
U.  S.  OflSce  of  Standard  Weights  and  Measures  to  adopt  regu- 
lations governing  the  construction,  calibration,  and  testing  of 
volumetric  apparatus,  similar  to  the  regulations  of  the  Kaiser- 
liche  Normal- Aichungs-Commission  of  Germany.  This  was  the 
most  important  recommendation  contained  in  the  report  of  the 
committee  as  presented  at  New  York,  and  it  will  soon  be  before 
the  council  of  the  society  for  action. 

It  is  at  the  suggestion  of  my  fellow  members  of  the  committee 
that  I  now  present  the  following  data  in  this  form. 

Thb  Work  op  European  Chsmists. 

A3  early  as  1891,  the  **  Deutsche  Gesellschaft  fiir  angewandte 
Chemie*'  and  the  **  Verein  deutschen  Eisenhiittenleute"  had 
taken  up  the  question  of  standards  for  chemical  measuring 
instruments,  and  it  was  with  the  assistance  and  cooperation  of 
these  associations  that  the  excellent  regulations  of  the  German 
Normal-Aichungs-Commission  for  testing  volumetric  apparatus 
were  perfected  and  finally  adopted.  These  regulations,  as  pub- 
lished in  1893,  were  as  follows : 

NOTICE  IN  REGARD  TO  THE  TESTING  OF  CHEfllCAL  HEASUR- 

INO  FLA5K5,  ETC. 

!(Pro]n  ZeiUchrift  fiir  angewandte  Cbemie,  1893,  pp.  SS7-559]- 

The  Kaiserliche  Normal-Aichungs-Commission  published  the 
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following  directions,  based  upon  article  i8  of  the  regulations^ 
governing  weights  and  measures  (special  supplement  to  Reich's 
Gesetzblattes,  No.  30)  : 

I.  Ai<i.owABi,B  Measuring  Apparatus. 

1 .  For  exclusive  use  for  chemical  volumetric  analysis  of  aque- 
ous solutions,  glass  vessels  will  be  admitted  for  testing  as  fol- 
lows : 

Vessels  with  one  mark  to  hold  a  single  volume. 
(a)  Flasks. 

(d)  Pipettes  with  upper  suction  tube  and  a  lower  delivery 
tube. 

Vessels  marked  to  hold  a  certain  definite  volume  and  certain 
subdivisions  thereof. 

{c)  Measuring  glasses  (also  called  measuring  cylinders,  being 
measuring  tubes  having  a  foot). 

{d)  Burettes  (measuring  tubes  without  a  foot,  but  with  a 
delivery  tube). 

(e)  Measuring  pipettes  (measuring  tubes  having  a  suction 
tube  at  the  upper  end  and  a  delivery  tube  at  the  lower  end). 

2.  The  capacit^'^  of  a  measuring  vessel  is  to  be  limited  either 
by  the  mark  or  the  lower  opening,  and  its  quantity  is  marked 
upon  the  vessel  for  a  temperature  of  a  vessel  of  15®  of  the  centi- 
grade thermometer,  in  the  liter,  fractions  of  a  liter,  or  in  cubic 
centimeters,  in  which  case  the  cubic  centimeter  is  to  be  the 
I- 1000  part  of  a  liter. 

3.  Measuring  vessels  may  be  graduated  either  to  hold  (w«i- 
geralhe  atif  Eingtiss)  a  given  quantity  to  the  mark,  or  to  deliver 

(tnessgerathe  auf  Ausguss)  a  given  quantity.  Measuring  vessels 
provided  with  a  device  for  the  delivery  of  liquids  must  always 
be  graduated  to  deliver  the  volume  of  liquid  for  which  they  are 
marked.  Other  vessels  may  be  graduated  to  either  hold  or 
to  deliver,  but  for  only  one  of  these  purposes  in  the  case  of  any 
single  vessel.  The  volume  of  liquid  is  measured  with  a  delivery 
apparatus  by  filling  and  emptying,  with  precautions  to  retain  a 
uniformly  unpreventable  moistening  of  the  walls  of  the  vessel. 
This  uniform  moisteniifg  is  insured  by  observing  the  following 
precautions : 

(a)  Measuring  vessels  which  are  emptied  by  turning  up-side- 
down  are  held  for  one  minute  after  emptying  in  an  inclined  posi- 
tion to  allow  them  to  drain,  when  the  last  drop  is  wiped  off. 

{b)  In  the  case  of  pipettes  the  liquid  is  allowed  to  flow  out 
entirely,  or  to  the  lower  mark,  according  to  the  method  of  grad- 
uation, while  the  delivery  tube  is  held  without  motion  in  con- 
tact with  the  sides  of  the  receiving  vessel.  After  the  free  out- 
flow of  the  liquid  has  stopped,  or  after  the  lower  mark  has  been 
reached,  the  pipette  is  allowed  to  drain  for  one-quarter  of  a 
minute. 
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(c)  In  the  case  of  burettes,  or  measuring  pipettes  (pipettes 
:graduated  to  deliver  fractions  of  their  maximum  capacity),  the 
•desired  quantity  is  drawn  out,  the  last  drop  is  removed,  and  the 
xeading  is  taken  off  after  waiting  two  minutes. 

4.  The  cross-section  of  the  measuring  vessel  must  always  be 
•circular.  The  space  occupied  by  the  liquid  to  be  measured, 
viewed  in  the  direction  of  its  greatest  diameter,  should  decrease 
in  size  above  and  below,  best  at  the  same  rate.  Where  the  body 
of  the  vessel  has  a  tube  or  cylindrical  portion  sealed  on,  the  body 
of  the  vessel  must  gradually  merge  into  the  cylindrical  portion 
without  any  abrupt  change  of  direction,  so  that  there  will  be  no 
hindrance  to  the  ready  outflow  of  the  liquid. 

5.  The  mark  shall  be  narrow,  and  both  it  and  the  label  shall 
be  plainly  etched,  ground,  or  applied  in  some  other  permanent 
manner.  It  should  never  be  merely  painted.  The  mark  should 
always  be  upon  a  cylindrical,  regularly  formed,  transparent  part 
of  the  vessel.     Coloring  the  mark  is  permitted. 

6.  The  mark  shall  pass  at  least  halfway  around  the  vessel  and 
lie  in  the  plane  to  which  the  axis  of  the  vessel  is  perpendicular. 

7.  In  the  case  of  measuring  vessels  marked  for  subdivisions 
of  their  total  capacity,  these  subdivisions  must  all  be  equal. 

8.  Capacity  of  a  flask  may  be  stated  in  liters  or  cubic  centimeters 
<the  mark  being  h'fer,  /.,  or  cc),  while  all  other  vessels  may  be 
marked  only  cubic  centimeters — /.  e,,  with  the  mark  cc.  The 
mark  expressing  the  capacity  of  a  vessel  without  subdivisions,  is 
placed  on  the  middle  part  of  the  body  of  the  vessel. 

9.  The  numbers  of  the  marks  on  vessels  marked  for  subdi- 
visions of  their  total  capacity,  are  to  be  placed  at  the  right  end 
of  the  lines  denoting  cubic  centimeters  as  units.  These  num- 
bers must  run  consecutively  and  in  only  one  direction ;  «.  ^., 
either  from  the  top  down  or  from  the  bottom  up. 

The  '*  cc.**  mark  is  added  to  the  line  bearing  the  largest  num- 
ber, whether  it  be  at  the  beginning  or  at  the  end  of  the  gradua- 
tion. 

10.  There  must  be  etched  below  the  mark  indicating  the  capac- 
ity, in  the  case  of  flasks  and  other  vessels  having  but  one 
graduation  mark,  the  expression  +15"  C,  indicating  the  tem- 
perature at  which  the  capacity  of  the  flask  is  equal  to  the  vol- 
ume indicated  by  its  label.  In  the  case  of  instruments  gradua- 
ted for  fractions  of  their  total  capacity,  this  mark  (-I-15'*  C.)  is 
etched  at  least  15  mm.  above  the  graduation.  There  must  also 
be  placed  at  the  left  of  this  mark  and  at  the  same  height  the 
mark  £,  or  A.,  Eing,  or  Ausg,^  Einguss  or  Ausguss,  as  the  case 
may  be,  to  indicate  whether  the  instrument  has  been  graduated 
to  hold  or  to  deliver  the  volume  of  liquid  indicated  by  its  label. 

A  manufacturer's  number,  name,  and  address,  and  a  trade 
mark  may  be  placed  opposite  the  label  mentioned  above  on  the 
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Other  side  of  the  flask.  In  the  case  of  apparatus  graduated  for 
subdivisions  the  manufacturer's  marks  are  to  be  placed  in  long 
hnes  at  the  left  of  the  graduation. 

1 1 .  In  the  case  of  all  measuring  vessels  the  reading  shall  be 
taken  at  that  point  of  the  wall  of  the  vessel  where  it  is  cut  by  the 
plane  which  is  perpendicular  to  the  axis  of  the  vessel  and  at  the 
same  time  tangent  to  the  meniscus  of  the  liquid  at  its  lowest 
point. 

12.  Inflow  and  outflow  tubes,  stoppers,  etc.«  must  not  end  in 
the  measuring  space  of  the  vessel  or  extend  therein.  The  limit- 
ing of  the  measuring  space  directly  by  cocks  is  inadmissible. 
Beyond  the  part  actually  occupied  by  the  liquid  to  be  measured 
the  vessel  may  be  provided  with  cocks,  tubes,  expansions  made 
of  irregular  form,  etc.,  ad  libitum. 

13.  In  the  case  of  measuring  vessels  having  a  delivery  tube  or 
point,  the  latter  should  be  drawn  out  as  thin  as  stability  will 
permit,  and  its  termination  should  be  smooth  and  even.  It  is 
permis.sible  to  constrict  the  orifice  somewhat.  In  the  case  of 
burettes  of  the  Gay-Lussac  form,  the  delivery  point  should  be 
bent  back  toward  the  delivery  tube,  and  should  be  ground 
obliquely  on  the  under  side. 

II.  Measuring  Vessels  without  Minor  Graduation. 
( Flasks  and  pipettes  graduated  to  deliver  one  maximum  volume). 

1.  Flasks  may  be  made  of  the  following  capacities:  2,  i, 
i(o-5),  i(o-25),  0.2,  0.1,  and  0.05  liter  ;  pipettes,  of  any  desired 
capacity  from  i  to  200  cc. 

2.  In  the  case  of  both  forms  of  apparatus  the  part  bearing  the 
graduation  mark  mu.st  be  cylindrical  (see  above,  I,  5),  of  uni- 
form section,  and  transparent.  Moreover,  this  cylindrical  por- 
tion must  pass  over  very  gradually  into  the  expanded  part  of  the 
apparatus. 

3.  In  the  case  of  pipettes  the  suction  tubes  must  be  at  least 
130  mm.  long,  and  the  delivery  tubes  at  least  60  mm.,  but  not 
more  than  300  mm.  long. 

4.  The  graduation  mark  must  be  at  least  70  mm.  from  the 
upper  end  of  the  neck  of  a  flask,  and  in  the  case  of  a  pipette  at 
least  100  mm.  from  the  upper  end  and  at  least  30  mm.  from  the 
bulb.  The  mark  must  extend,  entirely  around  the  neck  of  the 
flask  or  the  suction  tube  of  the  pipette. 

5.  At  the  point  where  the  graduation  mark  is  placed  the 
internal  diameter  of  the  neck  of  the  flask  shall  not  be  less  than 
6  mm.,  and  shall  not  exceed  the  following  maximum  figures 
given  for  flasks  of  each  of  the  sizes  admitted  for  testing  : 
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capacity  of  flask. 
Liters. 

2 
I 

(0.5) 
(0.25) 

0.2 

Maximnra  iatemal 
diameter  of  neck. 

mm. 

25 

20 

20 

15 
12 

O.I 

12 

0.05 

10 
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In  the  case  of  pipettes  the  suction  and  delivery  tubes  must 
have  an  internal  diameter  of  not  less  than  \  mm.  and  not  more 
than  6  mm. 

6.  The  bottom  of  the  flask  may  be  slightly  reentrant.  The 
circumference  of  the  bottom  of  the  flask  must  form  a  plane  to 
which  the  neck  of  the  flask  is  perpendicular.  The  flask  must 
stand  solidly  on  a  horizontal  surface. 

7.  The  lower  limit  of  the  volume  of  a  pipette  may  be  either 
the  end  of  the  delivery  tube  or  a  second  mark  etched  thereon  at 
least  30  mm.  from  the  end. 

In  the  case  of  pipettes  without  a  cock,  the  delivery  orifice 
must  be  of  such  a  size  that  the  discharge  of  the  pipette,  con- 
formable to  I,  3,  (d),  lasts : 

12  to  15  seconds  when  the  pipette  is  of  less  than  10  cc.  capac- 
ity. 

15  to  20  seconds  when  the  capacity  of  the  pipette  is  of  10  cc. 
or  more  but  less  than  50. 

20  to  30  seconds  when  the  capacity  of  the  pipette  is  50  cc.  or 
more  but  less  than  100. 

30  to  40  seconds  when  the  capacity  of  the  pipette  is  100  cc.  or 
more. 

In  the  case  of  pipettes  provided  with  cocks,  the  testing  must 
be  made  for  that  setting  of  the  cock  which  requires  the  follow- 
ing time  for  emptying  the  pipette : 

13  to  17  seconds  when  the  capacity  of  the  pipette  is  less  than 
10  cc. 

16  to  20  seconds  when  the  capacity  of  the  pipette  is  10  cc.  or 
more  but  less  than  50. 

23  to  27  seconds  when  the  capacity  is  50  cc.  or  more  but  less 
than  100. 

33  to  37  seconds  when  the  capacity  of  the  pipette  is  100  cc.  or 
more. 

III.  'Measuring  Vkssew  with  Minor  Divisions. 

1.  The  total  volume  of  vessels  graduated  for  subdivisions 
thereof  may  have  any  value  between  i  cc.  and  i  liter,  but  for 
cylinders  and  burettes  shall  not  be  less  than  5  cc,  and  for 
burettes  and  pipettes  not  more  than  100  cc. 

2.  The  subdivisions  permitted  are  as  follows  : 
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When  the  total  capacity  of  the  apparatus  is  i  cc.  and  up  to 
and  including  2  cc,  the  smallest  subdivision  is  o.oi  to  0.02  cc. 

When  the  total  capacity  of  the  apparatus  is  more  than  2  and 
up  to  and  including  5  cc,  the  smallest  subdivision  is  0.05  to 
0.02  cc 

When  the  total  capacity  of  the  apparatus  is  more  than  5  and 
up  to  and  including  10  cc,  the  smallest  subdivision  is  0.05  to 
0.1  cc 

When  the  total  capacity  of  the  apparatus  is  more  than  10  and 
up  to  and  including  50  cc,  the  smallest  subdivision  is  o.i  to  0.2 
cc 

When  the  total  capacity  is  more  than  50  and  up  to  and  inclu- 
ding 100  cc,  the  smallest  subdivision  is  0.2,  0.5,  or  i  cc. 

When  the  total  capacity  is  more  than  100  and  up  to  and 
including  200  cc,  the  smallest  subdivision  is  i,  2,  or  5  cc. 

When  the  total  capacity  is  more  than  200  and  up  to  and  in- 
cluding 500  cc,  the  smallest  subdivision  is  5  to  10  cc. 

When  the  total  capacity  is  more  than  500  cc,  the  smallest 
subdivision  is  10  cc 

3.  The  measuring  space  may  be  limited  by  lines  below  as  well 
as  above.  In  the  case  of  pipettes,  the  upper  graduations  must 
be  at  least  100  mm.  from  the  upper  end  of  the  apparatus  and  at 
least  50  mm.  iii  other  cases.  The  lower  mark  of  the  graduation, 
in  cases  where  the  bottom  of  the  vessel  is  not  the  lower  limit  of 
the  graduation,  must  be  at  least  30  mm.  from  the  lower  end  of 
the  apparatus  or  from  the  beginning  of  the  contraction  of  the 
body  thereof. 

4.  The  numbering  is  to  be  done  as  follows  : 

(a)  In  case  of  division  into  10,  1,0.1,  or  o.oi  cc,  every  tenth 
mark  is  numbered. 

(b)  In  case  of  division  into  2,  0.2,  or  0.02  cc,  every  fifth  line 
is  marked. 

(c)  In  case  of  division  into  5,  0.5,  or  0.05  cc,  every  second 
or  tenth  line  is  marked. 

The  numbered  lines  must  extend  entirely  around  the  vessel. 
Of  the  other  lines,  the  fifth  in  the  case  **  a"  and  whenever  only 
every  tenth  line  is  numbered,  and  the  firstline  when  every  second 
line  is  numbered,  must  extend  three-fifths  of  the  way  around  the 
vessel,  while  all  other  lines  extend  only  one-half  way  around. 

All  lines  not  passing  entirely  around  the  vessel  must  be  on 
transparent  glass ;  any  opaque  strips  for  facilitating  the  reading 
of  the  instrument  must  not  be  greater  in  breadth  than  two> fifths 
of  the  circumference  of  the  tube. 

5.  The  distance  between  two  consecutive  division  marks  must 
not  be  more  than  12  mm.,  and  for  measuring  cylinders  gradua- 
ted for  each  5  cc.  or  more,  not  less  than  2  mm.,  while  for  all 
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other  measuring  vessels  this  distance  must  not  be  less  than  i 
mm. 

IV.  Limit  op  Error. 

I.  Measuring  vessels  without  divisions. 

For  flasks  graduated  for  delivery  the  error  must  not  exceed 
the  following  limits : 

Capacity.  Allowable  error. 
Liters.  cc. 

2  I 

I  0.6 

0.5  0.3 

0.2  0.2 

O.I  0.2 

0.05  O.  I 

For  flasks  graduated  to  hold  the  quantities  of  liquid  just 
named,  the  allowable  error  is  one-half  as  great  in  each  case. 

For  pipettes  delivering  only  maximum  quantity,  the  allow- 
able errors  are  as  follows  : 


Capacity  of  pipette. 

Allowable  error. 

cc. 

cc. 

I     to     2 
More  than  2    to  10 
More  than  10  to  30 
More  than  30  to  75 
More  than  75  to  200 

o.oi 
0.02 
0.03 
0.05 

O.I 

ig  vessels  with  divisions- 

"burettes  and  pi 

Maziinum  capacity. 

Allowable  error  on 
marimum  capacity. 

cc. 

cc. 

I  to  2' 

More  than  2  to  10  ' 
More  than  10  to  30 
More  than  30  to  50 
More  than  50  to  100 

O.OI 
0.02 
0.03 
0.05 
O.I 

In  the  case  of  graduated  cylinders  of  the  dimensions  just 
given,  the  allowable  error  is  double  that  for  burettes  and  pipettes 
when  the  instruments  are  graduated  to  hold  a  certain  volume, 
but  four  times  as  great  as  the  errors  allowed  for  burettes  and 
pipettes  when  graduated  for  delivery  or  pouring  out. 

For  larger  measuring  cylinders  graduated  to  hold  definite  vol- 
umes, the  allowable  errors  are  as  follows  : 


Maximum  capacity, 
cc. 

Allowable  error 
cc. 

More  than  100  to  200 
More  than  200  to  500 
More  than  500 

0.5 
I 

2 
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When  graduated  for  delivery  or  pouring,  the  allowable  errors 
are  just  twice  as  great. 

For  measuring  cylinders  graduated  to  hold  a  definite  volume, 
the  maximum  errors  for  the  volumes  indicated  by  ten  of  the  con- 
secutive smallest  divisions  must  on  no  part  of  the  graduation  be 
greater  than  as  shown  below. 

I  cc.  when  the  divisions  equal  xio  or  5  cc. 

0.4  cc.  when  the  divisions  equal  2  cc. 

0.2  cc.  when  the  divisions  equal  i  or  0.5  cc. 

0.1  cc.  when  the  divisions  equal  0.2  or  o.i  cc. 

In  the  case  of  cylinders  graduated  for  delivery,  double  these 
errors  are  allowed.  In  the  case  of  burettes  and  pipettes  gradua- 
ted to  o.oi  to  0.2  cc,  the  error  must  not  be  greater  than  one- 
third  of  the  smallest  division,  and  not  more  than  one-fourth  of 
the  smallest  division  in  other  cases. 

V.  Stamping. 

The  official  stamp  is  etched  upon  flasks  immediately  over  the 
graduation  mark  and  also  over  the  label.  On  pipettes  gradua- 
ted to  deliver  one  maximum  volume  the  official  stamp  is  etched 
immediately  over  the  upper  mark  and  immediately  under  the 
lower  mark,  when  there  is  one. 

In  the  case  of  other  measuring  vessels  the  official  stamp  is 
placed  close  above  the  upper  mark  and  close  below  the  lower 
one  ;  besides  this,  the  stamp  is  also  placed  on  the  delivery  tube, 
close  to  its  end. 

VI.  Fees  for  Testing. 

The  fees  are  as  follows  : 

(a)  For  testing  and  placing  the  official  stamp  on  measuring 
vessels  without  divisions,  z^ Pf-  ($0,072). 

Measuring  vessels  having  divisions,  ^o  pf.  (|k>.i92). 

(b)  For  mere  testing,  for  each  complete  volume  or  each  mark 
tested,  10  pf,  ($0,024). 

If  a  vessel  having  divisions  is  tested  for  more  than  5  marks 
besides  the  one  indicating  the  total  volume,  each  additional 
mark  tested  is  charged  for  at  the  rate  given  under  b, 

VII.  Place  OF  Testing. 

The  testing  and  stamping  of  measuring  vessels  will  be  done 
by  the  Normal- Aichungs-Commission  until  further  notice. 

KAI8BRI.ICHB  NORMAL-AlCBUNOS-COMlflSSIOH,  HXTBKR. 

BBRLiir,  July  a6,  1893. 

Supplemental  regulatious  were  adopted  by  the  Aichungs- 
Commission  in  1897  as  follows  : 
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ADDITIONAL  RBQULAT10N5  FOR  THE  TESTING  OF  CHEMICAL 

MEASURING  INSTRUHENTS,  ADOPTED  BY  THE  KAi5ER- 

LICHE  NORriAL-AICHUNGS-COnniSSlON,  JULY  3, 

1897. 

[ZciUchrift  far  anffewandte  Chemie,  (/^7),  6143-647 ;  Zeitschrift  f ur  analytische  Chemie, 

{189S),  37,  Amtliche  Verordnuns^en  und  Erlasse,  2-6.] 

I.  Additional  Forms  op  Apparatus  Admitted  for  Testing. 

In  addition  to  the  forms  of  measuring  instruments  for  ex- 
clusive use  for  chemical  analysis  of  aqueous  solutions,  mentioned 
in  the  notice  of  July  26,  1893,*  the  following  forms  will  now  be 
accepted  for  testing  : 

a.  For  use  in  sugar  analysis,  flasks  with  two  marks  and  flasks 
with^one  mark,  or  with  two  marks  for  a  temperature  of  20**  (Sec- 
tion II). 

b.  Flasks  for  use  with  viscosimeters  with  two  marks  for  a 
temperature  of  20**  (Section  III). 

c.  Flasks  with  capacities  of  150,  300,  350,  400,  450,  550,  600, 
650,  700,  750,  800,  850,  and  950  cc.  (Section  IV). 

d.  Measuring  vessels  with  incomplete  graduation  (section  V). 

e.  Overflow  pipettes  (Section  VI). 

The  forms  of  apparatus  mentioned  under  a  to  e  shall  meet 
the  requirements  of  the  regulations  annbunced  July  26,  1893,  in 
so  far  as  the  paragraphs  here  following  do  not  conflict  therewith. 

II.  Flasks  for  Sugar  Analysis. 

1.  These  flasks  must  be  graduated  to  hold  the  volumes  indi- 
cated by  their  labels,  and  may  have  capacities  of  50,  100  or  200 
cc.  A  second  mark  may  be  placed  above  the  one  which  marks 
the  limit  of  the  capacity  of  the  flask.  These  two  marks  must  be 
separated  at  least  10  mm.  in  the  case  of  50  and  100  cc.  flasks  ; 
and  at  least  30  mm.  in  the  case  of  200  cc.  flasks. 

Between  the  two  marks  the  neck  of  the  flask  maybe  enlarged, 
provided  that  it  is  cylindrical  for  at  least  3  mm.  above  the  lower 
mark  and  for  at  least  3  mm.  below  the  upper  mark.  The  capac- 
ity limited  by  these  two  marks  must  not  be  greater  than  the 
tenth  part,  nor  less  than  the  two-hundredth  part  of  the  capacity 
of  the  flask  as  limited  by  the  lower  mark. 

2.  Besides  the  label  E,  or  Eijig,,  or  Etnguss,  the  standard 
temperature,  +15**  C.  or  -|-2o°  C,  shall  be  etched  upon  the  flask 
(Section  i,  10,  of  the  regulations  of  July  26,  1893).  The  label 
indicating  the  capacity  of  the  flask  must  be  etched  upon  the  body 
of  the  flask;  and,  in  the  case  of  flasks  with  two  marks,  must 
denote  the  capacity  of  the  flask  as  limited  by  the  lower  mark. 
Flasks  with  two  marks  must  have,  in  addition,  a  label  etched 
midway  between  the  two  marks  and  indicating  the  capacity  of 

^  Rricks-GeutMblaU^  Beilage  No.  30. 
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the  space  included  between  them,  stated  in  cc.  or  in  fractions  of 
a  liter. 

3.  The  internal  diameter  of  the  neck  of  the  flask  must  not  be 
greater  than  10  mm.  for  50  cc.  flasks ;  not  greater  than  12  mm. 
for  100  cc.  flasks  ;  and  not  greater  than  25  mm.  (15  mm?)*  for 
200  cc.  flasks. 

4.  In  the  case  of  flasks  with  two  marks,  the  upper  mark  must 
be  at  least  50  mm.  from  the  upper  end  of  the  neck  ;  in  the  case 
of  flasks  with  one  mark,  the  mark  must  be  at  least  50  mm.  from 
the  upper  end  of  the  neck  for  50  and  100  cc.  flasks,  and  at  least 
70  mm.  for  200  cc.  flasks. 

5.  The  limits  of  error  prescribed  by  Section  IV,  i,  of  the  regu- 
lations of  July  26,  1893,  for  flasks  graduated  to  hold  50,  160,  and 
200  cc.  must  not  be  exceeded  by  sugar  flasks  of  the  same  respect- 
ive capacities. 

In  the  case  of  flasks  with  two  marks,  the  limit  of  error  of  the 
volume  included  between  the  two  marks  is  one-half  of  that  per- 
mitted for  the  entire  capacity  of  the  flask. 

6.  The  stamping  is  to  be  done  in  the  manner  prescribed  lor 
flasks  at  present  admitted  for  verification.  In  the  case  of  flasks 
with  two  marks,  however,  a  second  stamp  is  to  be  placed  above 
the  upper  mark.  The  stamp  for  the  lower  mark  may  be  etched 
directly  under  the  lower  mark. 

7.  The  fees  will  be,  in  addition  to  the  regular  fee  of  10  pf, 
for  each  piece  of  apparatus  presented  for  verification  : 

a.  For  testing  and  stamping  flasks : 

Flasks  with  one  mark,  1^0 pf,  ($0,096)  ; 
Flasks  with  two  marks,  60^.  ($0,144). 

b.  For  mere  testing  : 

For  each  mark  tested,  \opf.  ($0,024). 

III.    Fl«ASKS  FOR  ViSCOSIMBTRV. 

1.  These  flasks  are  only  to  be  graduated  to  deliver  the  vol- 
umes indicated  by  their  labels  ;  and  are  to  be  made  only  with 
two  marks,  one  for  200  cc.  and  one  for  240  cc.  Between  the  two 
marks  the  neck  of  the  flask  may  be  expanded  in  the  form  of  a 
bulb,  but  it  must  still  be  cylindrical  for  at  least  3  mm.  above  the 
lower  mark  and  for  the  same  distance  below  the  upper  mark. 

2.  The  internal  diameter  of  the  neck  must  not  exceed  20  mm. 
at  either  mark. 

3.  In  addition,  the  requirements  of  Section  II,  paragraphs  2 
and  4  to  7  must  be  fulfilled  with  the  restriction  that  the  label  is 
to  be  /^,  or  Ausg.,  or  Atisguss,  and  +  20**  C.  ;  and  the  limits  of 
error  are  to  be  those  of  flasks  graduated  for  pouring  out. 

1  In  the  reirulatlons  as  copied  in  Zischr.  angew.  Chtm,^  this  number  is  25  am.,  while 
in  Zischr.  atmi.  Chem.  it  is  15  mm.    See  references  above. 
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IV.  Othbr  Flasks. 

In  view  of  the  additional  forms  of  apparatus  admitted  for  test- 
ing by  Section  I,  c^  the  regulations  of  July  26,  1893,  in  so  far  as 
they  refer  to  flasks,  are  amended  as  follows  : 

Section  II,  5.  At  the  point  where  the  graduation  mark  is 
placed,  the  internal  diameter  of  the  neck  must  not  be  les<i  than 
6  mm.,  and  must  not  be  greater  than  10  mm  for  0.05  1.  flasks; 
not  greater  than  12  mm.  for  o.i  to  0.2  1.  flasks  ;  not  greater 
than  15  mm.  for  0.25  to  0.45  1.  flasks  ;  not  greater  than  20  mm. 
for  0.5  to  I  1.  flasks;  and  not  greater  than  25  mm.  for  2  1. 
flasks. 

Section  IV,  i .  The  positive  or  negative  error  for  flasks  gradua- 
ted for  delivery  must  not  exceed  i  cc.  for  2  liter  flasks  ;  0.6  cc. 
for  flasks  delivering  from  i  to  and  including  0.55  liter ; 
0.3  cc.  for  flasks  delivering  from  0.5  to  0.3  liter;  0.2  cc.  for 
flasks  delivering  0.25  to  o.i  liter;  and  o.i  cc.  for  0.05  liter 
flasks. 

In  the  case  of  flasks  graduated  to  hold  the  volumes  named, 
the  respective  limits  of  error  must  not  exceed  half  the  amounts 
named. 

V.  Measuring  Vessels  with  Incomplete  Graduation. 

r.  The  lowest  marks  of  these  instruments,  which  may  or  may 
not  be  provided  with  a  foot,  limits  an  unsubdivided  cylindrical 
or  bulb-shaped  space  having  a  capacit}'  of  a  certain  number  of 
whole  cc. 

2.  When  this  lower  space  is  bulb-shaped,  that  portion  of  it 
extending  downward  from  the  graduation  mark  must  be  cylin- 
drical for  at  least  15  mm. 

If  the  vessel  is  enlarged  above  the  upper  mark,  the  enlarge- 
ment must  begin  at  least  30  mm.  from  the  upper  mark. 

3.  The  graduation  of  these  vessels  shall  be  done  in  the  man- 
ner described  for  measuring  glasses  of  forms  previously  admitted 
for  testing,  in  accordance  with  which  the  number  placed  oppo- 
site the  lowest  mark  indicates  the  capacity  of  the  ungraduated 
part.  In  determining  the  graduation  permissible  (Section  III,  i 
and  2,  of  the  regulations  of  July  26,  1893),  the  space  included 
between  the  upper  and  lower  marks  is  to  be  considered  the  total 
capacity,  but  neither  this  space  nor  the  lower  ungraduated  space 
may  exceed  100  cc. 

4.  The  stamp  placed  underneath  the  lowest  mark  attests  also 
the  accuracy  of  the  ungraduated  portion. 

VI.  Overflow  Pipettes. 

I.  Overflow  pipettes  are  pipettes  whose  capacities  are  limited 
above  by  the  end  of  the  upper  tube  instead  of  by  a  mark  placed 
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thereon.  The  apparatus  may  be  otherwise  constructed  like 
ordinary  pipettes,  the  filling  being  done  by  means  of  the  deliv- 
ery tube ;  or  a  special  tube  for  the  entry  of  the  liquid  to  be 
measured  may  be  provided,  both  the  inflow  and  outflow  tubes 
being  controlled  by  the  same  cock. 

2.  The  end  of  the  upper  tube  must  be  even  ;  its  internal  diam- 
eter must  not  be  greater  than  3  mm.  in  the  case  of  pipettes  de- 
livering 500  cc.  or  less,  and  not  greater  than  5  mm.  in  the  case 
of  pipettes  of  larger  capacity.  The  upper  tube  must  not  be 
longer  than  75  mm.  ;  the  lower  tube  not  longer  than  150  mm. 
Overflow  pipettes  may  have  any  capacity  between  icc.  and  2000 
cc. 

3.  The  time  of  emptying  of  overflow  pipettes  delivering  from  i 
to  200  cc.  must  be  the  same  as  the  time  prescribed  for  ordinary 
pipettes  of  the  corresponding  capacity  ;  for  pipettes  delivering 
more  than  200  cc.  to  500  cc. ,  the  time  of  delivery  must  be  55  to 
65  seconds ;  for  pipettes  delivering  more  than  500  cc.  to  1000 
cc,  1 10  to  130  seconds;  and  for  pipettes  delivering  more  than 
1000  cc,  170  to  230  seconds  (200  seconds?).' 

4.  The  limits  of  error  allowable  for  overflow  pipettes  of  capaci- 
ties from  I  cc  to  200  cc  are  those  prescribed  for  ordinary 
pipettes  of  the  corresponding  capacities ;  for  pipettes  delivering 
more  than  200  cc  to  500  cc,  the  limit  of  error  allowable  is  9.2 
cc  ;  for  pipettes  delivering  more  than  500  cc  to  1000  cc,  0.3 
cc. ;  for  pipettes  delivering  more  than  1000  cc.  to  2000  cc,  0.5 
cc 

5.  There  shall  be  placed  upon  overflow  pipettes  at  least  three 
stamps.  One  of  these  shall  be  placed  over  the  label,  the  second 
one  immediately  below  the  upper  end  of  the  upper  tube,  and  the 
third  one  on  the  outflow  tube  close  to  its  end. 

In  case  the  capacity  of  the  pipette  is  limited  below  by  a  mark 
on  the  outflow  tube,  a  fourth  stamp  must  be  placed  immediately 
under  the  mark. 

6.  In  addition  to  the  regular  fee  of  \opf,  {|k>.024)  for  each 
piece  of  apparatus  presented  for  verification,  the  charges  for  test- 
ing, stamping,  etc.,  will  be  as  follows : 

a.  For  testing  and  stamping 

Overflow  pipettes  delivering  200  cc.  or  less,  ^opf,  (I0.096) ; 
Overflow    pipettes  delivering  more  than  200  cc,    60  pf, 
($0,144). 

b.  For  mere  testing 

Overflow  pipettes  delivering  200  cc.  or  less,  io;!y.(|o.o24) ; 
Overflow    pipettes   delivering    more  than   200  cc,  30  pf, 
($0,072). 

1  The  statement  in  the  Ztschr.  angew.  Chem.  is  230 seconds ;  in  the  ZtxJkr.unal.  Ckem.^ 
aoo  seconds 
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VII.  Place  of  Testing. 

The  testing  of  all  forms  of  measuring  instruments  named  will 
be  done  by  the  Normal- Aichungs-Commission  or  at  the  places 
designated  for  the  testing  of  chemical  measuring  instruments  in 
Article  i,  Section  VII  of  the  notice  of  Aprils,  1896  (Reichs-Ge- 
setzbl.  1896,  Beilage  zu  No.  9). 

VIII. 

1.  The  regulations  of  July  26,  1893,  Section  II,  4,  are  hereby 
amended  so  that  50  cc.  and  100  cc.  flasks  are  allowable  with  the 
graduation  mark  at  least  50  mm.  from  the  upper  end  of  the  neck. 

2.  Under  Section  III,  2,  of  the  regulations  of  July  26, 1893,  the 
following  additional  forms  of  apparatus  are  provided  for  : 

Instruments  having  a  total  capacity  of  5  cc.  and  graduated  in 
0.1  cc.  divisions;  and  instruments  having  a  total  capacity  of  10 
cc.  and  0.02  cc.  (0.2  cc?)  divisions.* 

3.  The  requirements  of  Section  IV,  2,  of  the  regulations  just 
mentioned  are  amended  as  follows : 

Moreover,  the  positive  or  negative  error  allowable  for  the 
capacity  limited  by  each  mark,  or  between  two  marks  must  not 
be  greater  than  one-half  of  the  error  permitted  for  the  entire 
capacity  of  the  instrument,  in  case  the  fractional  capacity  in 
question  is  less  than  one-half  the  total  capacity  ;  and  the  error  of 
a  fractional  capacity  equal  to  or  greater  than  one-half  of  the  total 
capacity  of  the  instrument  must  not  exceed  the  error  permitted 
for  the  total  capacity. 

The  graduation  must  also  appear  regular  to  the  eye.  In  no 
case  may  adjacent  smallest  divisions  differ  from  each  other  by 
more  than  one-fourth  of  the  distance  between  the  lines  limiting 
each  of  these  smallest  divisions. 

REGU1.AT10NS  FOR  THE  Testing  of  Instruments  for  Determining  the 
Percentage  Strength  of  Sugar  Soi,utions. 

I.  There  shall  be  admitted  for  testing  glass  thermo-sacchari  111- 
eters  which  indicate  the  temperature  in  degrees  of  the  centi- 
grade thermometer,  and,  at  a  temperature  of  +20°,  the  per  cent. 
by  weight  of  sugar  contained  in  pure  sugar  solutions. 

The  thermometer  scale  of  the  instrument  must  be  divided  in 
whole  or  in  half  degrees.  When  the  percentage  scale  is  divided 
in  whole  or  in  half  per  cent.,  the  thermometer  shall  be  divided 
in  whole  degrees  and  otherwise  in  half  degrees. 

The  entire  length  of  the  divisions  of  a  percentage  scale  must 
not  exceed  200  mm.  ;  the  length  of  its  smallest  subdivisions  must 
be  at  least  i  mm. 

*(  The  statement  in  the  Ztschr.  angevu.  Chem.  \a  o.ot  cc. ;  in  the  Ztschr.  anal.  Chem., 
0.1  cc. 
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Thirty  per  cent,  shall  be  regarded  as  the  normal  range  for  each 
instrument.  Hence,  three  kinds  of  instruments  will  be  neces- 
sary :  o  to  30  per  cent.  ;  30  to  60  per  cent. ;  and  60  to  90  per 
cent.  Instruments  with  scales  of  other  ranges  are,  however, 
allowable.  Instruments  with  o.i  per  cent,  subdivision  must  not 
have  a  greater  range  than  20  per  cent. 

The  thermometer  scales  must  be  made  for  a  range  of  tempera- 
ture from  o**  to  +35*.  In  the  case  of  instruments  graduated  for 
whole  or  half  per  cent.,  the  thermometer  scale  may  be  extended 
to  70^.  The  length  of  the  smallest  subdivision  of  the  thermome- 
ter scale  must  be  at  least  1.5  mm. 

II.  I.  The  loading  of  the  instrument,  necessary  for  maintain- 
ing its  vertical  position  when  floated  in  the  solution,  shall  be 
supplied  by  the  bulb  of  a  thermometer. 

Material  for  making  the  final  adjustment  of  the  instrument 
may  be  placed  on  the  inside  of  the  scale,  but  it  must  be  of  such 
a  nature  as  to  make  it  impossible  for  it  to  become  loosened  by 
external  force  or  because  of  its  own  properties. 

2.  The  outer  surface  of  the  instrument  shall  be  regular  and 
symmetrical  with  respect  to  its  axis  ;  its  proportion  shall  be  such 
that  it  assumes  a  perpendicular  position  when  floated  in  a 
liquid. 

3.  The  top  of  the  spindle  shall  be  regularly  rounded  and  have 
a  smooth  surface  with  no  depressions  or  ridges  which  may  hin- 
der the  stamping  of  the  instrument. 

The  external  diameter  of  the  body  of  the  instrument  must  not 
exceed  28  mm.,  and  that  of  the  spindle  must  not  be  less  than  4 
mm.  nor  more  than  7  mm. 

The  capillary  tube  of  the  thermometer  must  have  no  expan- 
sion above  the  scale,  and  shall  only  be  of  such  length  that  the 
instrument  may  be  heated  to  75*"  C.  without  danger  of  breaking. 

4.  The  paper  scale  must  be  fastened  to  the  glass  wall  of  the 
instrument  in  a  permanent  manner.  Cements  which  loosen  on 
warming  are  not  permissible. 

5.  The  upper  end  of  the  percentage  scale  shall  be  at  least  15 
mm.  below  the  upper  end  of  the  spindle. 

The  upper  end  of  the  thermometer  scale  shall  be  at  least  20 
mm.  below  the  place  where  the  glass  body  of  the  instrument  be- 
gins to  contract. 

6.  Upon  the  percentage  scale,  in  the  case  of  division  in  whole 
per  cent.,  the  marks  for  the  fifth  and  tenth  per  cent,  shall  be 
numbered  and  shall  be  longer  than  the  others.  In  other  cases 
the  mark  for  each  whole  per  cent,  shall  be  numbered.  In  case 
of  divisions  for  each  o.i  per  cent.,  the  marks  for  each  half  per 
cent,  shall  be  longer  than  the  other  marks.  The  shortest  marks 
shall  extend  at  least  one-fourth  of  the  way  around  the  spindle. 

On  the  thermometer  scale  the  marks  shall  run  in  uninter- 
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rupted  course  and  shall  be  visible  on  both  sides  of  the  capillary 
tube ;  those  for  each  fifth  degree  shall  be  longer,  and  those  for 
each  one-half  degree  shall  be  shorter  than  the  others. 

Each  tenth  degree  shall  be  numbered. 

The  numbering  of  the  marks  and  also  the  labeling  of  the 
scales  shall  be  readily  legible. 

7.  The  per  cent,  scale  shall  extend  into  the  expansion  of  the 
spindle  leading  into  the  body  of  the  instrument,  but  shall  not 
extend  into  the  latter ;  it  may,  however,  only  bear  marks  so  far 
as  the  spindle  is  cylindrical. 

The  marks  of  the  thermometer  scale  may  extend  downward  to 
within  2  mm.  of  the  bend  in  the  capillary  tube. 

8.  The  scales  must  not  have  appreciable  error  of  division ; 
adjacent  subdivisions  must  not  differ  from  each  other  by  more 
than  one-fourth  of  their  mean  length. 

III.  The  thermometer  scale  shall  bear  the  label  **  Degrees  of 
the  centigrade  thermometer";  and  the  percentage  scale,  the  label 
*' Percentage-by- weight  sacchari meter"  {''  Sctccharimeter  nachs 
Gewichtspercenten  " ) . 

A  manufacturer's  number  shall  be  placed  at  the  upper  end  of 
the  thermometer  scale. 

It  is  permissible  to  place  the  name  and  address  of  the  manu- 
facturer, and  also  the  date  of  manufacture  on  one  of  the  scales, 
but  nothing  additional  may  be  placed  thereon. 

IV.  The  positive  or  negative  errors  permissible  are  as  follows, 
according  as  the  minor  divisions  of  the  percentage  scale  are  for 

1/5  or  i/ioper 
I  per  cent.  i  /a  per  cent.  cent. 

On  the  thermometer  scale  •  • .     0.4°  0.4°  0.2^ 

On  the  saccharimeter  scale  ..     0.5  percent.    0.25  percent,    o.i  per  cent. 

The  reading  of  the  thermometer  in  melting  ice  must  not  un- 
dergo a  greater  alteration  on  heating  to  the  highest  temperature 
of  the  scale  than  one-fourth  of  the  limit  of  error  given  above  for 
the  class  of  instruments  to  which  it  belongs. 

On  the  percentage  scale  the  reading  is  to  be  taken  at  the 
point  where  the  plane  of  the  surface  of  the  liquid  cuts  the 
scale. 

V.  The  official  stamp,  together  with  a  number  and  the  date 
shall  be  etched  on  the  body  of  the  instrument  above  the  ther- 
mometer scale.  A  small  stamp  shall  also  be  placed  at  the  top 
of  the  spindle. 

The  weight  of  the  instrument  in  milligrams  shall  be  etched 
upon  the  body  of  the  instrument. 

Upon  the  spindle,  immediately  over  the  upper  end  of  the  per- 
centage scale  and  immediately  below  the  lowest  mark  thereof, 
marks  shall  be  placed  which  extend  at  least  half  way  around  the 
spindle.     The  lower  side  of  the  upper  mark  shall  lie  in  the  plane 
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of  the  edge  of  the  scale »  and  the  upper  side  of  the  lower  mark 
shall  be  in  the  plane  of  the  lowest  mark  of  the  scale. 

VI.  In  order  to  obtain  true  percentage  readings  the  official 
table  of  the  Normal- Aichungs-Commission  must  be  used. 

VII.  The  following  fees  have  been  fixed  : 

a.  For  testing  and  stamping 

Each  thermo-saccharimeter,  2  Marks  ($0.48). 

b.  For  mere  testing 

Of  the  thermometer  scale,  10  pf.  ($0,024)  ; 

Of  the  percentage  scale,  25  pj,  ($0,060). 
If  more  than  five  points  of  either  scale  are  tested  when  an  in- 
strument is  submitted  for  testing  and  stamping,  each  additional 
place  tested  will  be  charged  for  at  the  rates  given  under  b, 

VIII.  The  testing  of  thermo-sacchari meters  will  be  done  by 
the  Normal-Aichungs-Commission  or  by  Atckdmter  designated 
by  the  Normal- Aichungs-Commission. 

Kaisbrlxchb  Normai^Aichunos-Commissiom,  Hopf. 
Bkrlin,  July  2,  1897. 

This  act  of  the  Aichungs-Commission,  done  five  years  ago, 
made  it  comparatively  easy  for  German  chemists  to  obtain  volu- 
metdc  apparatus  of  known  form  of  construction  and  of  known 
accuracy.  A  flask  and  a  burette,  tested  in  accordance  with 
these  regulations  and  bearing  the  official  stamp  of  the  Aichungs- 
Commission  were  exhibited  at  the  Boston  meeting  of  this  so- 
ciety. 

At  the  International  Congress  of  Applied  Chemistry,  held  in 
Brussels,  in  1894,  the  question  of  uniform  methods  for  the  analy- 
sis of  commercial  products  was  discussed,  and  very  naturally  the 
question  of  international  standards  for  measuring  instruments 
came  up  at  the  same  time.  The  following  resolutions  were 
adopted  unanimously  and  an  international  committee  was  ap- 
pointed to  continue  the  work  and  report  at  the  next  congress. 

**i.  The  International  Congress  of  Applied  Chemistry  adopts 
as  the  international  unit  for  the  graduation  and  calibration  of 
chemical  apparatus,  the  metric  liter  and  its  decimal  subdivisions. 

*'2.  It  is  of  the  opinion  that  the  centigrade,  or  Celsius,  ther- 
mometer should  be  used  to  the  exclusion  of  all  others. 

*'3.  An  international  commission,  composed  of  members  elected 
by  the  congress,  shall  be  entrusted  with  the  duty  of  determining 
the  conditions  of  graduation,  of  testing,  and  for  using  chemical 
apparatus,  particularly  flasks,  burettes,  pipettes,  and  hydrome- 
ters of  various  sorts.  This  commission  shall  also  fix  the  tem- 
perature at  which  these  instruments  shall  be  graduated.  It 
shall  elaborate  a  table  showing  the  degrees  Baum6,  Brix,  Ball- 
ing, Vivien,  etc.,  which  are  equivalent  to  the  various  indica- 
tions of  the  specific  gravity  hydrometer ;  and  shall  prepare  a 
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table  showing  the  corrections  which  are  to  be  applied  to  the 
readings  of  various  forms  of  hydrometers,  when  these  readings 
are  made  at  other  than  standard  temperatures."* 

Preparatory  to  taking  part  in  the  work  of  the  Second  Interna- 
tional Congress  of  Applied  Chemistry,  held  in  Paris  in  1896,  the 
Verein  deutscher  Chemiker  appointed  a  committee  to  meet  with 
representatives  of  the  Aichungs-Com mission  and  draft  a  state- 
ment of  the  German  view  of  the  question  of  standards  for  chem- 
ical measuring  instruments. 

A.  Schmidt,  of  Cologne,  was  chosen  to  present  the  statement 
at  the  Paris  congress,  as  the  representative  of  the  Verein  deutscher 
Chemiker,  and  Prof.  Weinstein  attended  the  congress  as  the 
representative  of  the  Aichungs-Commission.* 

This  report  of  the  German  Committee,  changed  to  accord  with 
the  resolutions  adopted  by  the  Paris  Congress,  reads  as  follows : 

PROPOSED  REQULATIONS  FOR  THE  CONSTRUCTION  AND  GRAD- 
UATION OF  HYDROHETERS  AND  CHEftlCAL  MEASUR- 
ING APPARATUS. 

[Zettschrift  fiir  angewandte  Cheiuie,  1896,  603-607.J 

A.  General  Considerations. 

c.  The  unit  of  volume  shall  be  the  true  liter  and  its  decimal 
subdivisions. 

2.  The  basis  for  the  comparison  of  specific  gravities  (densi- 
ties) shall  be  pure  water  at  4**  and  under  normal  pressure. 

3.  All  weight  determinations  shall  be  reduced  to  weights  in 
vacuo  by  use  of  Regnault's  tables. 

4.  Temperature  shall  be  expressed  in  degrees  of  the  centi- 
grade hydrogen  thermometer  of  the  International  Bureau  of 
Weights  and  Measures. 

5.  For  the  normal  temperatures  for  hydrometers  and  chemical 
measuring  vessels,  0°,  15°,  17.5°  or  20°  of  the  above-mentioned 
thermometer  scale  may  be  chosen.  Tables  shall  be  prepared  by 
an  international  commission  for  the  correction  of  readings  to  the 
normal  temperatures. 

6.  Hydrometers  and  chemical  measuring  vessels  shall  be  con- 
structed from  glass  which  possesses  the  greatest  possible  resist- 
ance to  the  action  of  the  liquids  measured.  Each  instrument 
must  bear  a  label  showing  its  normal  temperature  and  unit  of 
volume  or  specific  gravity. 

7.  The  length  of  the  intervals  between  the  marks  for  the 
smallest  subdivision^  of  the  scales  of  the  instruments  shall  in  all 
cases  be  greater  than  i  mm. 

1  Corapte-rendus  du  congres  international  de  chiraie  appliqu^,  Bruxelles-Anvers, 
4-1 1  aout.  1894,  pp.  205-206. 

«  Ztschr.  angew.  Chem.  (1896),  406,  60a :  (1897),  519. 
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8.  In  making  readings  at  the  level  of  a  liquid,  consideration 
must  be  given  to  the  variation  in  the  phenomena  of  capillarity. 

9.  The  stems  of  hydrometers  and  the  graduated  parts  of  meas- 
uring vessels  must  not  vary  greatly  from  the  cylindrical  form. 

10.  The  testing  of  hydrometers  and  chemical  measuring  ves- 
sels may  be  made  by  comparing  them  with  carefully  wrought 
standards,  or  by  means  of  the  proper  weight  determinations. 

11.  In  using  hydrometers  and  chemical  measuring  instru- 
ments, the  same  rules  and  methods  of  procedure  should  be  fol- 
lowed as  were  used  in  standardizing  the  instruments. 

B.  Spkciai.  Rbquirbmbnts. 

(a)  Hydrometers, 

1.  The  scales  of  hydrometers  maybe  graduated  in  units  of 
specific  gravity,  or  of  the  scales  of  Baum6,  Brix,  Balling,  etc- 
For  the  conversion  of  the  readings  of  arbitrary  scales  to  the 
equivalent  specific  gravity;  tables  shall  be  prepared  by  an  inter, 
national  commission. 

2.  For  liquids  of  various  capillary  properties,  special  hydrom- 
eters shall  be  used,  each  graduated  for  measuring  a  certain 
liquid.  Each  instrument  must  bear  a  label  showing  for  what 
liquid,  or  group  of  liquids  of  similar  capillary  properties,  it  has 
been  graduated.  The  use  of  the  same  instrument  for  solutions 
of  widely  different  capillary  properties  is  allowable,  if  the  proper 
corrections  be  applied  to  the  readings. 

3.  Hydrometers  shall  be  read,  as  a  rule,  at  the  point  where 
the  plane  of  the  surface  of  the  liquid  cuts  the  stem  of  the  instru- 
ment, without  regard  to  the  meniscus  fonned  by  capillarity.  In 
the  case  of  non-transparent  liquids,  the  readings  of  a  hydrom- 
eter which  has  not  been  graduated  for  working  under  such  con- 
ditions, must  be  corrected  to  the  true  level  of  the  liquid. 

4.  Hydrometers  shall  generally  be  provided  with  centig^de 
thermometers,  whose  scale  shall  include  the  zero  point. 

5.  In  order  to  render  it  certain  that  the  position  of  the  scale 
within  the  instrument  does  not  change,  a  mark  shall  be  placed 
on  the  stem  in  such  a  position  as  to  be  just  opposite  one  of  the 
limiting  marks  of  the  scale  when  the  latter  is  in  its  correct  posi- 
tion. 

6.  The  maximum  limit  of  positive  or  pegative  error  of  a 
hydrometer  shall  not  exceed,  in  general,  the  smallest  division  of 
its  scale. 

(A)  Chemical  Measuring  Vessels. 

(The  regulations  recommended  under  this  head  are  not  essen- 
tially different  from  those  of  the  Kaiserliche  Normal- Aichungs- 
Commission,  as  given  above.) 
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Francois  Dupont  read  an  elaborate  report  before  the  Paris 
congress,  as  the  representative  of  the  committee  appointed  by  the 
Brussels  congress,  in  the  course  of  which  he  stated  that  no  meet- 
ing of  the  committee  had  ever  been  held.  The  subject  dis- 
cussed by  the  congress  seems  to  have  been  principally  that  of  a 
standard  temperature.  A.  Schmidt,  of  Cologne,  asked  that  the 
question  of  temperature  be  left  open  until  the  Vienna  congress. 
After  a  lengthy  discussion,  participated  in  principally  by  Belgian 
and  French  chemists,  the  president  suggested  a  resolution  adopt- 
ing four  temperatures,  4°,  15°,  20°,  and  30**,  with  4*  as  a  reference 
temperature,  *and  recommending  correction  tables  for  each  of  the 
four  temperatures.     This  resolution  was  unanimously  adopted. 

The  resolutions  adopted  relative  to  standards  for  chemical 
measuring  instruments,  as  published  in  the  official  report  of  the 
congress.  Vol.  5,  pp.  227-228,  were  as  follows  : 

**i.  The  unit  of  volume  is  the  metric  liter  and  its  decimal  sub- 
divisions. 

**2.  The  specific  gravity  of  liquids  is  to  be  referred  to  4**  C, 
consequently,  hydrometers  must  be  graduated  in  such  a  manner 
that  they  read  o  or  i  .000  when  floated  in  distilled  water  having 
a  temperature  of  4"  C. 

*  *3.  Tables  for  comparison  of  specific  gravity  with  the  different 
hydrometric  and  saccharometric  degrees  (Baum^,  Brix,  Ball- 
ing, Vivien,  Brix-Dupont,  etc.),  shall  be  prepared  by  an  inter- 
national commission.  Tables  of  this  sort  shall  be  made  for  tem- 
peratures of  4°,  15'',  20**,  and  28®  C. 

**  Tables  of  corrections  shall  be  prepared  by  the  same  commis- 
sion for  temperatures  other  than  those  just  mentioned. 

**4.  All  weighings  shall  be  reduced  to  weights  in  vacuo  by 
means  of  the  tables  deduced  from  the  experiments  of  Regnault. 

**5.  Temperature  should  be  expressed  in  degrees  of  the  centi- 
grade hydrogen  thermometer,  adopted  by  the  International  Com- 
mittee of  Weights  and  Measures. 

**  All  other  questions  relating  to  the  conditions  of  construction, 
graduation,  calibration,  verification,  and  reading  of  chemical 
measuring  instruments  shall  be  referred  to  the  international  com- 
mission. 

**6.  The  international  commission,  charged  with  the  duty  of 
preparing  tables  for  the  comparison  and  correction  of  hydrome- 
ter readings,  and  of  establishing  regulations  for  standard  meas- 
uring instruments,  shall  be  composed  of  two  subcommissions, 
one  French  and  the  other  German.  The  two  subcommissions 
shall  communicate  with  each  other  and  enlist  the  services  of 
such  delegates  to  the  congress  as  care  to  participate  in  the  work." 

The  establishment  of  uniform  and  well-defined  standards  for 
chemical  measuring  instruments  was  thus  heartily. approved  by  the 
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Paris  congress ;  certain  general  standards  were  adopted  as  land- 
marks ;  and  two  commissions  were  created  for  carrying  out  the 
details  of  formulating  international  standards. 

The  German  commission  was  especially  active  during  the 
interim  between  the  Paris  and  Vienna  congresses,  and  presented 
an  elaborate  report  at  the  latter,  being  represented  by  Prof. 
Weinstein.  The  recommendations  for  standards  presented  at 
the  Paris  congress  by  Schmidt,  as  the  representative  of  the 
Verein  deutscher  Chemiker,  were  taken  up  paragraph  by  para- 
graph by  the  Vienna  congress  and  adopted  after  slight  altera- 
tions. Prof.  Weinstein  announced  progress  on  the  preparation 
of  tables  for  the  density  of  sugar  solutions,  acids,  mineral  oils, 
etc.,  at  various  temperatures,  and  samples  of  the  tables  were 
presented.     These  tables  will  be  published  privately. 

The  French  commission,  through  its  president,  D^michel, 
presented  an  essentially  concurrent  report. 

The  definition  of  the  relation  of  Baum6  degrees  to  specific 
gravity  was  left  to  the  commissions,  which  were  continued. 

A  prominent  auxiliary  feature  of  the  Vienna  congress,  and 
one  of  direct  interest  in  this  connection,  was  the  second' meeting 
of  the  International  Commission  on  Uniform  Methods  of  Sugar 
Analysis.  The  work  of  this  commission  is  especially  interest- 
ing, in  view  of  the  controversy  now  in  progress  between  the  U.  S. 
Treasury  Department  and  certain  *  importers  of  sugars.  This 
litigation  involves  the  regulations  governing  the  testing  of 
sugars  and  is  an  excellent  illustration  of  our  need  of  well-defined 
legal  standards  for  all  forms  of  chemical  measuring  instruments. 
At  the  meeting  of  the  International  Commission  just  mentioned, 
the  United  States  was  represented  by  Drs.  Wiley  and  Wiech- 
mann.  The  work  of  the  commission  on  the  comparison  of  stand- 
ard quartz  plates,  and  the  influence  of  temperature  on  the  specific 
rotation  of  sucrose,  were  among  the  more  important  topics  dis- 
cussed ;  but,  from  our  present  point  of  view,  the  agreement  of  the 
commission  to  discard  the  Mohr  flask,  in  favor  of  the  true  one- 
tenth  liter  flask,  is  of  the  highest  interest.  Hitherto,  it  has  been 
necessary  to  keep  certain  flasks  for  sugar  analysis  alone,  in  lab- 
oratories which  are  otherwise  equipped  with  volumetric  appara- 
tus graduated  in  accordance  with  the  true  metric  system.' 

Within  a  year,  Belgian  chemists  have  inaugurated  a  move- 
ment in  the  association  with  the  view  of  obtaining  the  coopera- 
tion of  the  Belgian  Bureau  of  Standards  in  the  testing  of  chem- 
ical measuring  instruments,  and  in  the  establishment  of  standards 
therefore.  Their  discussions  on  this  subject  may  be  found  in  the 
recent  issues  of  the  Bulletin  de  L^  Association  Beige  des  Chimtsies, 
beginning   with   the   number  for  December   1898,  which  con- 

1  Wiley  :  This  Journal,  ti,  73. 
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tains  a  criticism  of  the  regulations  of  the  Kaiserliche  Normal- 
Aichungs-Commission  by  L.  L.  de  Koninck. 

The  regulations  of  the  Kaiserliche  Normal-Aichungs-Com- 
mission  for  the  construction,  graduation,  and  verification  of 
chemical  instruments  for  measuring  volume,  while  still  in  a  stage 
of  evolution,  have  stood  the  test  of  a  five  years'  trial  and  the 
critical  examination  of  three  international  congresses  of  chemists 
who  are  interested  in  all  refinements  of  apparatus  and  methods 
consistent  with  practical  results.  Some  criticisms  of  the  minor 
details  of  these  regulations  have  been  made.  Notably,  by  Dr. 
Julius  Wagner  in  his  **  Maassanalytische  Studien,*' published 
by  Oskar  Liner,  Leipzig,  1898.  Dr.  H.  P.  Talbot  has  very 
kindly  consented  to  prepare  a  review  of  Dr.  Wagner's  paper  for 
this  Journal,  and  thus  bring  the  criticisms  contained  therein  be- 
fore the  society  for  consideration.  The  most  serious  mistake  of 
the  Aichungs-Commission's  regulations,  namely,  the  directions 
for  testing  the  minor  divisions  of  burettes,  has  been  corrected  in 
the  supplemental  regulations  issued  in  1897. 

There  has  also  been  some  dissatisfaction  among  technical 
chemists  concerning  the  special  hydrometer  for  sugar  solutions 
as  constructed  and  tested  in  accordance  with  the  Aichungs-Com- 
mission's regulations  (geaichte  saccharimeter).  See  Weinstein, 
**  Ueber  die  geaichten  Saccharimeter"  {Zischr.  angew.  Chem,y 
{iSpp),  369-70;  Chem.  CentrbL,  {i8gg),  I,  1098)  and  the  other 
articles  therein  cited  written  by  Gockel,  Bruhns,  and  Classen. 

The  regulations,  as  a  whole,  must  be  regarded  as  a  long  step 
in  advance,  and,  by  their  adoption,  European  chemists  have 
placed  themselves  in  a  position  to  obtain  with  readiness  and 
without  excessive  cost,  instruments  of  a  high  degree  of  accuracy 
and  of  a  desirable  form  of  construction.  It  now  remains  for 
American  chemists  to  follow  their  example. 

THE   WORK   OF    AMERICAN    CHEMISTS. 

The  question  of  the  importance  of  legal  standards  for  measur- 
ing instruments  has  frequently  been  raised  by  American  chem- 
ists, and  parties  to  suits  at  law  and  to  commercial  transactions 
are  almost  every  day  impressed  with  the  need  of  standards  of 
this  kind.  The  Association  of  Official  Agricultural  Chemists 
seems  to  have  been  the  first  scientific  body  of  this  country  to 
undertake  seriously  the  work  of  improving  the  quality  of  our 
measuring  instruments. 

In  the  writer's  recommendations  of  **  subjects  appropriate  for 
investigation  during  the  ensuing  year"  at  the  close  of  his  report 
as  **  Reporter  on  Methods  of  Sugar  Analysis  of  the  Association 
of  Official  Agricultural  Chemists  for  1895,"  the  following  words 
were   used  :    *  *  A  comparison  of  the  accuracy  of  the  various 
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grades  of  Brix  spindles  offered  for  sale  by  apparatus  dealers.  A 
comparison  of  the  accuracy  of  the  graduated  glas&ware  offered 
for  sale  by  apparatus  dealers,  with  the  view  of  prescribing  the 
limits  of  error  allowable  in  graduated  glassware  to  be  used  in 
official  work.  A  similar  comparison  of  the  thermometers  offered 
for  sale  by  the  dealers. ' ' '  No  action  was  taken,  however,  by  the 
1895  convention. 

At  the  meeting  of  the  association  just  named,  held  in  1896,  a 
committee  was  appointed  to  consider  the  question  of  standards 
for  volumetric  apparatus,  standard  temperature  for  specific  grav- 
ity determinations,  etc.  This  committee,  composed  of  B.  W. 
Kilgore,  C.  L.  Penny,  and  £.  K.  Ewell,  made  a  preliminary  re- 
port to  the  convention  of  1897.*  The  committee  was  continued 
and  its  membership  increased  t«  five,  G.  C.  Caldwell  and  H.  W. 
Wiley  being  appointed  as  the  additional  members. 

At  the  winter  meeting  of  the  American  Chemical  Society,  held 
in  Washington,  1897,  the  writer,  acting  on  the  suggestion  of 
Prof.  B.  W.  Kilgore,  chairman  of  the  committee  of  the  Associa- 
tion of  Official  Agricultural  Chemists  just  considered,  introduced 
the  following  motion  :  '*  That  a  committee  of  five  be  appointed 
by  the  president  to  study  and  report  upon  the  means  by  which 
the  society  can  hasten  the  adoption  of  uniform  systems  of  grad- 
uation, definite  limits  of  accuracy,  and  standard  methods  for 
using  all  forms  of  measuring  instruments  in  use  in  chemical  lab- 
oratories. Further,  that  the  committee  be  instructed  to  cooper- 
ate with  other  scientific  bodies  which  have  undertaken  this 
work,  or  which  may  enter  upon  it  in  the  future.'*  This  motion 
was  referred  to  the  council,  and,  after  favorable  action  by  that 
body  a  committee  was  appointed,  which,  after  the  successive 
resignations  of  Profs.  Kinnicutt  and  Venable,  is  now  composed 
of  H.  P.  Talbot,  C..E.  Linebarger,  G.  E.  Barton,  Louis  A. 
Fischer,  and  the  writer. 

The  committee  was  promptly  organized  by  correspondence 
after  its  members  had  been  notified  of  their  appointment  by  the 
secretary  of  the  society.  After  much  correspondence,  it  was 
agreed  by  a  majority  vote  of  the  committee  that  no  formal  report 
be  made  at  or  previous  to  the  meeting  of  the  society  held  in  Bos- 
ton, August,  1898.  In  the  meantime,  at  the  suggestion  of  the 
chairman  of  the  committee,  the  president  of  the  society  extended 
a  formal  invitation  to  the  superintendent  of  the  U.  S.  Coast  and 
Geodetic  Survey  to  present  a  paper  at  the  Boston  meeting  of  the 
society,  in  which  should  be  described  the  facilities  for  standard- 
izing chemical  measuring  instruments  afforded   by  the  U.  S. 

1  S«e  the  Proceeding's  of  the  Twelfth  Annual  Convention  of  the  A.  O.  A.  C,  BuUetia 
No.  47,  Division  of  Chemistry,  U.  S.  Department  of  Asrriculture,  pasre  iS4' 

3  See  Proceedings  Fourteenth  Annual  Convention  of  the  A.  O.  A.  C.  Bulletin  No.  51. 
Division  of  Chemistry,  U.  3.  Department  of  Agriculture,  pages  137-139  and  159-164. 
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Office  of  Standard  Weights  and  Measures  and  by  similar  bureaus 
of  foreign  governments. 

In  response  to  the  request,  a  paper,  on  this  subject  was  pre- 
sented at  the  Boston  meeting  by  Mr.  Louis  A.  Fischer,  of  the 
Office  of  Standard  Weights  and  Measures.  By  a  vote  of  the 
society,  this  paper  was  referred  to  the  Committee  on  Papers  and 
Publications,  with  the  recommendation  that  it  be  published  in 
the  Journal,  as  has  been  announced  by  the  secretary  of  the 
society  in  his  report  of  the  meeting. 

At  the  close  of  his  paper,  Mr.  Fischer  recommended  that  the 
society  adopt  the  following  definitions  of  the  liter,  density,  and 
a  degree  of  temperature  : 

"  I.  The  liter,  as  defined  by  the  International  Committee  of 
Weights  and  Measures  ;  viz.^  the  volume  of  the  mass  of  a  kilo- 
^am  of  pure  water  at  the  temperature  of  maximum  density,  and 
under  a  pressure  of  760  mm.  of  mercury. 

*'  2.  Density,  defined  as  the  ratio  of  the  mass  of  a  substance  to 
that  of  an  equal  volume  of  pure  water  at  its  maximum  density 
(4'  C). 

*'  3.  The  centigrade  degree  of  the  hydrogen  thermometer  of 
the  International  Bureau  of  Weights  and  Measures." 

Mr.  Fischer  also  recommended  '*  that  the  society  adopt  some 
convenient  temperature,  at  which  all  volumetric  apparatus  shall 
contain  their  stated  capacities. ' '  *  These  recommendations  were 
referred  to  the  committee  for  consideration. 

A  paper  on  **  Volumetric  Apparatus"  was  read  at  the  Boston 
meeting  by  Mr.  G.  E.  Barton,  a  member  of  this  committee.  In 
the  course  of  his  paper,  which  has  already  appeared  in  the  Jour- 
nal, Mr.  Barton  very  clearly  shows  the  need  of  standards  for  this 
class  of  measuring  instruments.* 

During  sessions  of  the  committee  held  at  the  time  of  the  Bos- 
ton meeting  of  the  society,  it  was  voted  to  limit  the  work  of  the 
committee  for  the  presept  to  the  consideration  of  the  proper 
form,  system  of  graduation,  limits  of  accuracy,  manner  of  label- 
ing, and  methods  of  using  volumetric  apparatus. 

The  following  motion,  further  defining  the  work  of  the  com- 
mittee for  the  immediate  future,  was  presented  by  Prof.  F.  P. 
Venable,  and  adopted  by  a  vote  of  the  qommittee : 

"  That  the  members  of  the  committee  take  under  considera- 
tion the  reports  of  the  German  Commission  and  the  Vienna 
congress  and,  after  making  such  corrections  or  additions  as  may 
be  agreed  upon,  use  this  as  a  basis  for  a  report  to  the  society." 

The  writer  presented  to  the  committee  a  somewhat  elaborate 
scheme  for  securing  the  cooperation  of  the  members  of  the 
society  in  a  study  of  the  quality  of  chemical  measuring  instru- 

1  This  Journal,  *o,  912-937  {1898). 
t  Ibid.,  ao,  731-739  0998). 
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« 

ments  now  in  use,  with  the  view  of  increasing  the  interest  in  the 
work  of  the  committee  and  at  the  same  time  obtaining  evidence 
of  the  directions  in  which  reforms  were  most  greatly  needed. 
As  the  plan  only  received  the  hearty  approval  of  one  other  mem- 
ber of  the  committee,  it  was  abandoned. 

The  committee  is  now  striving  to  bring  before  the  council  at 
an  early  date  a  series  of  recommendations  which  include  certain 
definitions  of  fundamental  standards,  and  the  request  that  the 
U.  S.  Office  of  Standard  Weights  and  Measures  adopt  regulations 
governing  the  construction,  calibration,  verification,  ftc,  of 
chemical  measuring  instruments,  as  mentioned  at  the  opening  of 
this  paper. 

As  the  chairman  of  the  committee,  I  take  this  opportunity  to 
announce  that  the  committee  will  be  very  glad  to  answer  in- 
quiries or  to  accept  suggestions  from  the  members  of  the  society 
whenever  they  may  find  it  convenient  to  offer  them.  I  shall  be 
especially  pleased  to  see  discussions  of  the  subject  of  standards 
for  volumetric  apparatus  or  for  other  forms  of  measuring  instru- 
ments, presented  in  this  Journal.  Ervin  E.  Ewei,l. 

Washington,  D.  C,  March  7,  1899. 
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Maassanalvtischb  Studibn.      Habilitationsschrift.     Von  Dr.  Juuus 
Wagner.    Leipzig:  Oskar  Leiner.     1898.    pp.  123. 

Since  the  adoption  of  the  regulations  of  the  Kaiserliche  Nor- 
mal-Aichungs-Commission  of  Berlin  in  June,  1893,  those  regula- 
tions have  probably  been  generally  accepted  as  representing  the 
best  results  of  mature  thought  upon  questions  relating  to  prac- 
tical and  desirable  accuracy  in  the  graduation  and  calibration  of 
volumetric  apparatus,  and  the  precautions  to  be  taken  to  ensure 
the  preparation  of  trustworthy  utensils.  Committees  appointed 
by  three  International  Congresses  have  practically  adopted  the 
equivalent  of  these  regulations  as  expressing  their  views,  and 
only  a  few  minor  modifications  were  adopted  by  the  Aichungs- 
Commission  in  1897  In  the  little  volume  under  considera- 
tion. Part  I  of  which  is  devoted  to  general  sources  of  error  in 
volumetric  analyses,  Dr.  Wagner  has  criticised  certain  of  the 
conditions  prescribed  by  the  Normal-Aichungs-Commission  as 
inadequate,  and  presents  experimental  data  in  support  of  his 
statements.  This  criticism  demands  some  attention  at  this  time, 
from  its  close  connection  with  the  work  of  the  Committee  on 
Measuring  Instruments  appointed  by  the  President  of  the  Amer- 
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ican  Chemical  Society  to  consider  what  steps  should  be  taken, 
or  regulations  adopted,  to  promote  uniformity  of  standards  and 
practice,  and  greater  accuracy  of  manufacture  in  connection 
with  measuring  utensils. 

In  the  opinion  of  Dr.  Wagner  apparatus  having  the  stamp 
of  the  Normal-Aichungs-Commission  requires  reexamination 
before  it  can  be  used  in  scientific  investigations,  because  the  de- 
gree of  accuracy  demanded  is  less  than,  is  attainable  in  the  chem- 
ical processes  in  connection  with  which  it  is  used,  and  also  less 
than  is  practically  attainable  in  manufacture  and  graduation. 
Dr.  Wagner  firsjt  refers  to  Classen's  criticism  of  the  regulations  of 
the  commission'  because  no  account  is  taken  of  the  variation  in 
the  amount  of  fluid  which  adheres  to  the  walls  of  the  vessels  in 
the  case  of  fluids  of  varying  character.  Dr.  Wagner  first 
shows  that  glass  utensils  are  apparently  most  readily  and  com- 
pletely cleansed  by  treatment  with  sulphuric  acid  and  potassium 
bichromate,  and  notes  the  striking  fact  that  a  pipette  containing 
a  very  thin  layer  of  oil  on  its  inuer  surface  delivers  more  liquid 
than  when  thoroughly  cleaned.  He  then  studies  the  behavior 
of  solutions  of  twentieth-normal  bichromate,  normal  sodium  car- 
bonate, of  concentrated  sulphuric  acid,  and  of  several  concentrated 
salt  solutions,  and  determines,  by  weighing,  the  volume  of  the 
liquid  adhering  to  the  burette.  His  results  indicate  that  the 
differences  lie  within  the  limits  of  error  of  observation,  except  in 
the  case  of  concentrated  sulphuric  acid,  from  which  it  appears 
that  the  criticism  of  Classen  is  not  well  founded. 

The  first  of  the  measuring  instruments  discussed  is  the  pipettt.. 
Regarding  the  accuracy  to  be  demanded  in  the  use  of  pipettes, 
Bockmann,  in  his  Chemische  Technische  Uniersuchungen,  iS^j,  I, 
178,  places  the  average  value  of  the  allowable  error  at  2/1000  for 
volumes  from  i  to  25  cc,  and  i/iooo  from  50  to  2000  cc.  This 
may  be  regarded  as  a  fair  statement  of  the  requirements  for 
technical  use;  yet,  as  is  pointed  out,  the  Aichungs-Commission's 
regulations  allow  a  variation  of  i/ioo  for  a  one  cc.  pipette ;  1/200 
for  two  cc;  4/1000  for  five  cc;  2/1000  for  ten  cc;  i/iooo  for 
twenty-five,  fifty,  and  one  hundred  cc;  a  lack  of  uniformity 
which  may  in  itself  become  a  source  of  error. 

To  indicate  the  degree  of  accuracy  which  might  properly  be 

1  Mohr'g  Titrirmetbode,  7U1  Bdition,  p.  55. 
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demanded  for  research  work,  Dr.  Wagner  examined  fourteen 
pipettes,  varying  from  lOo  cc.  to  lo  cc.  capacity,  and  finds  that 
the  contents  of  a  pipette  may  be  determined  to  2/10000  of  its 
value  for  pipettes  larger  than  ten  cc,  and  probably  to  4/10000 
for  ten  cc.  and  five  cc.  pipettes,  and  that  the  error  arising  from 
the  use  of  a  pipette  need  not  exceed  these  amounts.  These 
quantities  are  much  less  than  the  limits  set  by  the  Aichungs- 
Commission,  and  a  regraduation  of  instruments  tested  by  this 
commission  is  therefore  essential  for  work  of  high  accuracy. 

Regarding  the  method  of  emptying  a  pipette,  whether  by 
allowing  the  liquid  to  run  freely,  and,  at  the  expiration  of  a  defi- 
nite time,  touching  the  tube  against  the  side  of  the  vessel,  or  by 
gently  blowing  out  the  last  drop,  the  data  obtained  by  Wagner 
are  not  conclusive,  as  no  advantage  is  evident  on  the  side  of 
either  method.  The  differences  are  within  the  errors  of  observa- 
tion. Convenience  seems  to  favor  the  removal  of  the  liquid  by 
blowing. 

But  the  question  may  properly  arise,  whether  it  is  practicable 
to  graduate  burettes  with  an  exactness  corresponding  to  that 
which  has  just  been  stated  to  be  attainable  in  measuring  their 
contents.  This,  it  is  stated,  may  be  done,  if  the  restrictions*  as 
to  the  internal  diameter  of  the  tubes  are  suitably  made.  The 
Aichungs-Commission  demands,  in  general,  that  the  internal 
diameter  of  the  tubes  shall  not  be  less  than  five-tenths  mm.  nor 
more  than  six  mm.  but  without  further  specifications.  The 
position  of  the  mark  cannot  be  accurately  fixed  within  five- 
tenths  mm.  while  a  greater  variation  is  not  infrequent,  and 
pipettes  are  found  on  the  market  with  tubes  so  large  as  to  make 
this  uncertainty  in  marking  a  source  of  considerable  error.  On 
the  other  hand,  a  diameter  of  five-tenths  mm.  is  so  small  as  to 
make  the  use  of  a  pipette  annoyingly  tedious.  A  table  is  given 
showing  the  allowable  internal  diameter  in  order  that  the  error 
in  marking  may  not  cause  an  error  in  volume  exceeding  3/10000, 
the  adoption  of  which  would  add  to  the  concreteness  of  the 
Aichungs-Commission's  regulations.  In  the  opinion  of  Dr. 
Wagner,  the  requirements  of  the  Commission  that  at  the  orifice 
the  walls  of  a  pipette  shall  be  drawn  out  as  thin  as  is  practicable 
tends  to  produce  a  capillary  opening,  which  is  undesirable;  this 
fact  leads  him  to  favor  blowing  out  the  last  drops  of  liquid  as  a 
method  of  emptying  the  pipettes  now  on  the  market. 
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Dr.  Wagner  notes  great  inequality  in  practice  as  regards  the 
time  of  drainage.  He  recommends  that  pipettes  should  be  so 
constructed  with  respect  to  the  size  of  the  orifice,  that  the  time 
of  outflow  shall  be  sufficiently  long  to  avoid  any  after-drainage, 
rather  than  to  empty  the  pipette  rapidly  and  to  wait  for  a  definite 
interval.  He  makes  certain  statements  as  to  the  time  necessary 
to  accomplish  this. 

A  similar  irregularity  in  allowable  error  to  that  noted  in  the 
requirements  regarding  pipettes  is  found  with  respect  to  measur- 
ing flasks,  and  it  is  pointed  out  that,  for  a  variation  of  one  mm. 
in  the  position  of  the  mark,  the  maximum  diameter  allowable  in 
500  cc.  and  50  cc.  flasks  as  stated  by  the  Commission  should  be 
reduced  from  twenty  and  ten  mm.  to  fourteen  and  eight  mm. 
respectively,  in  order  to  conform  to  the  allowable  variation  in 
cubic  centimeters,  as  stated  in  the  very  same  regulations  of  the 
Commission.  Measuring  flasks  may  apparently  be  read  with 
an  accuracy  about  five  times  as  great  as  that  demanded  by  the 
Commission's  regulations,  with  respect  to  graduation.  The 
author  believes  that  the  manufacturers  would  welcome  more 
explicit  statements  regarding  the  allowable  variations  in  the 
diameter  of  the  necks  of  the  flasks. 

Following  a  discussion  of  the  limit  of  error  in  burette  readings, 
the  author  points  out  inconsistencies  similar  to  those  already 
noted  in  the  limit  of  accuracy  demanded  for  burettes  by  the 
Aichungs-Commission's  regulations,  and  points  out  that  by  suit- 
ably limiting  the  diameter  of  the  burette,  uniform  accuracy  is 
attainable.  Burettes  containing  fifty  cc.  should  have  a  diameter 
of  ten  to  eleven  mm.,  those  of  thirty  cc.  eight  to  ten  mm.,  ten  cc. 
graduated  pipettes,  five  to  seven  mm.  Assuming  a  necessary 
minimum  error  of  one-tenth  mm.  in  reading  the  position  of  the 
meniscus,  the  percentage  error  is  always  less  than  i/iooo,  if  the 
above  dimensions  are  adhered  to. 

The  original  statement  in  the  Commission's  regulations  regard- 
ing the  allowable  error  in  the  small  divisions  of  a  burette  seems 
to  have  been  unsatisfactory,  and  was  revised  in  1897  but  in  such 
a  way  that,  according  to  Dr.  Wagner,  it  is  satisfactory  with 
respect  to  accuracy,  but  almost  impossible  to  execute,  and  he 
recommends  that,  instead  of  striving  to  attain  unreasonable 
'  exactness,  each  burette  be  accompanied  by  a  table  of  corrections 
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(a  request  made  by  the  Verein  Deutscher  Chemiker,  but  set  aside 
by  the  Commission  without  assigned  reason),  or  that  the  results 
of  the  calibration  be  written  upon  the  burette  itself. 

The  Commission  places  the  time  to  be  allowed  for  a  burette  to 
drain  at  two  minutes,  but  the  author  regards  it  as  a  more  advan- 
tageous and  less  time-consuming  practice  to  allow  the  liquid  to 
run  out  at  the  rate  of  ten  cc.  in  about  ten  seconds,  in  which 
case  the  reading  may  be  taken  at  once  without  appreciable  error. 

As  a  result  of  his  work  Dr/Wagner  makes  these  recommenda- 
tions regarding  the  graduation  and  calibration  of  measuring 
vessels  :  (i)  That  they  be  divided  into  grades,  with  respect  to 
accuracy,  and  that  the  grade  to  which  each  instrument  belongs 
be  plainly  marked  upon  it;  (2)  that  the  highest  grade  for 
pipettes  and  measuring  flasks  include  only  those  accurate  within 
5/10000  of  their  capacity  ;  and  (3)  that,  since  burettes  cannot 
be  graduated  with  an  exactness  corresponding  to  the  accuracy 
desired  for  scientific  work,  they  should  be  so  calibrated  as  to 
assure  accuracy  within  one-tenth  mm.  at  any  point  of  measure- 
ment, and  that  the  value  of  each  individual  cubic  centimeter 
shall  be  tested. 

The  sources  of  error  connected  with  the  process  of  weighing 
are  next  considered  3nd,  assuming,  in  general,  an  accuracy 
of  one  part  in  one  thousand  as  attainable  in  analysis,  it  appears 
that  the  reduction  of  weighings  in  air  to  tliose  in  vacuo  is  not 
requisite,  since  the  error  is  less  than  the  fraction  just  named. 
Following  this  discussion  a  warning  is  sounded  against  the 
acceptance  of  reagents  of  *' guaranteed'*  purity  as  reliable;  the 
methods  of  testing  reagents  are  also  discussed,  and  Krauch's 
^^ Die  Priifung  der  chentischai  Reagtutien  auj  ReijiheiV^  is  severely 
criticised.  The  closing  pages  of  this  part  of  the  volume  are 
devoted  to  a  consideration  of  the  influence  of  temperature- 
changes  upon  the  accuracy  of  volumetric  work.  It  appears  that, 
in  general,  decinormal  solutions  may  be  regarded  as  having  a 
coefiicient  of  expansion  equal  to  that  of  water,  but  solutions  of 
greater  concentration  require  special  tables  of  corrections  ;  a  few 
values  for  such  solutions  are  given  in  this  work.  The  author 
advocates  the  adoption  of  20°  C.  as  a  standard  temperature  for 
calibration,  rather  than  15'*  C.  as  named  in  the  Aichungs-Com- 
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mission's  regulations,  considering  the  higher  temperature  to  be 
more  convenient  for  laboratory  use.* 

Part  II  of  the  dissertation  is  devoted  to  methods  of  standard- 
ization employed  in  iodimetry.  The  conclusions  arrived  at  may 
be  summed  up  as  follows :  ( i )  That  the  standardization  of  a 
thiosulphate  solution  may  be  made  accurate  to  one-tenth  per 
cent.;  (2)  that  the  best  of  the  bichromates,  iodates,  and  bro- 
mates  found  in  the  market  are  very  likely  to  be  impure ;  and 
(3)  that  the  presence  of  potassium  bichromate  promotes  the 
oxidation  of  hydriodic  acid  by  atmospheric  oxygen  and  by 
interiering  with  the  end-point  introduces  a  possible  error  when 
the  bichromate  is  used  for  standardizing  purposes. 

Part  III  presents  the  results  of  study  of  the  reaction  between 
potassium  permanganate  and  hydrochloric  acid,  under  the 
influence  of  certain  substances  exerting  a  catalytic  influence. 
Dr.  Wagner  sums  up  his  results  as  follows  :  ( i )  The  decomposi- 
tion of  permanganate  in  iron  titrations  in  the  presence  of  hydro- 
chloric acid  is  the  result  of  the  intermediate  formation  and 
oxidation  of  a  ferrohydrochloric  acid;  (2)  other  salts,  such  as 
those  of  chromium,  cadmium,  as  well  as  gold  and  platinum 
chlorides,  cause  the  same  decomposition  ;  (3)  platinohydro- 
chloric  acid  was  found  to  be  oxidized  more  readily  than  hydro- 
chloric acid ;  (4)  by  means  of  cryoscopic  methods  the  existence 
and  gradual  formation  of  a  cadmiohydrochloric  acid  was  indi- 
cated ;  (5)  the  presence  of  barium  chloride  with  ferrous  salts, 
causes  an  essential  increase  in  the  decomposition  of  the  per- 
manganate, amounting  even  to  forty-five  per  cent.;  (6)  in  many 
chemical  changes  secondary  reactions  may  take  place,  without, 
however,  as  in  the  case  of  real  catalysis,  increasing  the  speed  of 
the  primary  reaction.  The  secondary  reactions  seem  then  to 
add  their  effect  to  that  of  the  primary  reaction.  Dr.  Wagner 
proposes  the  term  **  Pseudo-Katalysen"  to  indicate  reactions  of 
this  character. 

The  dissertation  is  marked  by  a  somewhat  aggressive  spirit 
of  criticism,  but  it  contains  much  which  bears  evidence  of 
careful  thought  and  labor,  and  is  well  worth  perusal. 

H.  P.  Talbot. 

1  The  regulations  of  the  Normal- Aichungs-Commission  have  also  been  criticised  by 
Professor  L.  L.  de  Koninck  in  an  article  entitled  '*  Observations  relatives  auz  conditions 
dn  contr61e  des  appareils  de  mesure  en  volume  par  la  Commission  d*  6tallonnage 
normal  d'AUemagne,"  published  in  the  Bull.  tU  /'  Assoc.  Beige  des  Chemistes,  Dec.,  1898. 
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CORRECTION. 

In  the  March  number,  1899,  page  259,  line  20  from  top,  for 
*'o.3o8i  gram  and  0.2997  gram,  from  each,"  read  ''0.0308  g;Tam 
and  0.0300  gram,  average  of  several." 
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Proceedings. 

COUNCIL. 

The  salary  of  the  editor  for  1898  has  been  fixed  at  two  hun- 
dred and  fifty  dollars  ($250). 

The  number  of  pages  in  the  December  number  of  the  Journal 
was  ordered  increased  to  not  over  175. 

The  Committee  on  Life  Membership  Fund,  appointed  at  the 
meeting  of  the  Council,  August  22,  1898,  has  reported  as  fol- 
lows : 

To  the  President  and  Council  of  the  American  i^hemical  Society  : 

Gentlemen — Your  Committee  on  the  Life  Membership  Fund 
has  the  honor  to  report  that  it  finds  that  the  following  persons 
have  been  enrolled  as  life  members  or  as  life  associate  members. 

Life  Members— C  F.  Chandler,  W.  M.  Habirshaw,  T.  S.  Hunt, 

W.  P.  Mason.  E.  Waller. 

Life  Associate  Members — J.  O.  Donner,  H.  C.  Havemeyer, 
T.  A.  Havemeyer,  A.  Kuttroff,  W.  Pickhardt,  W.  P.  Prentice, 
C.  H.  Senff. 

That  the  commutation  fee  for  life  members  and  life  associate 
members  is  one  hundred  dollars,  and  that  no  money  appears  in 
the  treasury  to  the  account  of  any  one  of  these  persons  ;  there- 
fore your  committee  recommends  that  the  treasurer  be  author- 
ized and  directed  to  take  from  the  moneys  in  the  treasury,  not 
otherwise  appropriated,  twelve  hundred  dollars  ($1,200),  and 
invest  this  sum  as  provided  for  in  Section  2,  of  Article  X,  of  the 
Constitution  of  the  American  Chemical  Society,  as  adopted  De- 
cember 2,  1897,  and  that  the  fund  thus  created  be  hereafter  held 
and  used  as  a  life-membership  fund  as  provided  for  in  the  sec- 
tion above  cited. 

Respectfully  submitted, 

Charles  E.  Munroe, 
Chas.  B.  Dudley, 
Chas.  F.  McKenna. 

This  report  was  approved  Dec.  12th,  and  the  recommendations 
therein  contained  adopted  by  the  Council. 
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November  lo,  1898.  The  first  paper  of  the  evening  was  read  by 
Mr.  F.  K.  Cameron,  and  was  entitled,  **Some  Boiling-point 
Curves  for  Mixtures  of  Miscible  Liquids.*' 

The  general  properties  and  significance  of  pressure-concen- 
tration, and  temperature-concentration  curves  for  pairs  of  per- 
fectly miscible  liquids  were  indicated  and  the  research  of  Kono- 
waloff,  Nemst,  and  others  briefly  cited.  All  the  possible  types 
now  known  were  illustrated  by  some  as  yet  unpublished  data 
from  a  preliminary  investigation  by  Cameron  and  Thayer. 

A  significant  fact  brought  out  by  certain  of  these  curves,  no- 
tably the  one  for  alcohol-chloroform  mixtures,  is  that  they  pos- 
sess not  only  a  maximum  and  minimum  point,  but  there  is  a  de- 
cided sag  in  the  opposite  direction  at  another  portion  of  the 
curve.  So  far  no  such  curve  is  known  which  has  both  a  maxi- 
mum and  minimum  point,  and  the  possibility  of  such  a  case  has 
been  denied  by  some  authorities.  But  the  fact  just  cited  shows 
an  indubitable  tendency  towards  such  a  case  and  indicates  that 
by  a  suitable  choice  of  the  constant  factor  (temperature  or  pres- 
sure) for  some  pair  of  liquids  such  a  curve  may  yet  be  found. 
The  great  desirability  of  further  experimental  work  in  this  field, 
both  for  theoretical  and  practical  reasons,  was  indicated. 

The  second  paper  of  the  evening  was  by  Mr.  F.  K.  Cameron, 
and  was  entitled,  **A  Ternary  Mixture.*' 

Given  a  mixture  of  two  perfectly  miscible  liquids,  A  and  B, 
and  a  third  substance  C,  soluble  in  one  constituent  of  the  pair. 
At  a  definite  temperature  there  will  be  a  separation  of  the  liquid 
mixture  into  its. constituents,  this  definite  temperature  being  de- 
pendent on  the  relative  concentrations  of  the  solution.  By 
keeping  C  in  excess  of  the  amount  soluble  the  problem  is  some- 
what simplified.  The  results  of  a  preliminary  investigation  on 
the  curve  for  temperatures  of  separation-concentration,  presence 
of  a  third  substance  soluble  in  only  one  constituent,  were  pre- 
sented. Further,  the  third  substance  C  was  varied  for  certain 
concentrations.  And  finally  mixtures  of  the  substances  which 
had  been  used  as  C  were  tried.  The  results  were  interesting 
but  no  causal  connection  could  be  detected.  It  is  essential  that 
more  experimental  evidence  shall  be  in  our  possession  before  a 
satisfactory  theory  of  the  phenomena  will  be  possible. 

The  third  paper  was  read  by  Dr.  T.  M.  Chatard,  and  was  en- 
titled, **Note  on  the  Rate  of  Loss  in  Cyanide  Solutions.** 

Dr.  Chatard  exhibited  a  sheet  of  curves  representing  the  rate 
of  loss  of  cyanide  in  solutions  used  for  the  extraction  of  gold  in 
the  electrolytic  sluice.  There  is  always  a  certain  loss  due  to  ox- 
idation of  the  cyanide  through  agitation  of  the  solution  during 
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the  operation  of  the  apparatus.  Another  loss  results  from  the 
action  of  the  ore  on  the  solution.  An  electric  current  of  about  two- 
tenths  ampere  per  square  foot  of  cathode  plate  and  of  about  two 
volts,  is  employed  and  it  is  desirable  to  know  what  effect  such*a 
current  has  upon  the  solutions  which  usually  contain  from  0.20 
to  0.25  per  cent,  potassium  cyanide  at  the  start.  Samples  of  the 
solution  were  taken  at  regular  intervals  during  each  run,  the 
percentage  of  cyanide  giving  points  of  the  curve. 

When  ore  is  treated,  the  cur\'es  usually  show  a  rapid  loss  of 
cyanide  during  the  first  period  of  fifteen  minutes,  due  to  the  ac- 
tion of  the  ore,  the  rate  of  loss  then  decreasing  so  that  the  final 
result  is  often  a  fairly  regular  curve.  When  the  solution  is  run 
with  neither  ore  nor  current,  the  fall  in  strength  is  usually  reg- 
ular so  that  the  line  connecting  any  three  consecutive  points  is 
practically  straight.  Using  the  customary  current  but  no  ore, 
other  conditions  being  alike,  the  results  indicate  that  the  cya- 
nide losses  are  lessened  even  though  the  tests  are,  as  yet,  too  few 
for  positive  evidence.  It  may,  however,  be  stated  with  confi- 
dence that  the  use  of  electricity,  so  important  for  the  extraction 
of  precious  metals  from  ores  and  solutions,  is  not  attended  by 
any  increased  loss  of  the  expensive  cyanide. 

The  last  paper  was  read  by  Dr.  C.  E.  Munroe,  and  was  enti- 
tled, **The  Examination  of  Acid  for  Use  in  the  Manufacture  of 
Guncotton." 

Dr.  Munroe's  paper  contained  a  summary  of  work  done  by  his 
assistants,  Mr.  G.  W.  Patterson  and  Mr.  J.  J.  Tobin,  and  by  him. 
The  specifications  for  the  acids  given  were  accompanied  by  de- 
scriptions of  the  analytical  methods  and  methods  of  calculation 
to  be  followed  in  the  inspection  of  the  acids  supplied,  and  a  com- 
parison was  made  between  these  methods  and  others  that  have 
been  proposed.  Attention  was  called  to  the  necessity  of  defining 
the  sub.stances  present  by  the  methods  by  which  they  are  to  be 
determined  and  reckoned,  as  it  not  infrequently  happens  that  there 
are  differences  of  opinion  as  to  the  form  in  which  they  occur  and 
the  methods  for  determining  them,  and  a  dispute  is  most  easily 
avoided  by  a  prior  technical  convention.  Thus  there  is  a  differ- 
ence of  opinion  as  to  the  form  in  which  a  portion  of  the  nitrogen 
present  in  these  acids  occurs,  some  regarding  it  as  in  the  form  of 
hyponitrous  acid,  others  as  nitrosulphuric'acid,  but  without  ex- 
pressing any  opinion  on  this  point  the  specifications  simply  re- 
quired that  it  should  be  determined  in  a  carefully  prescribed 
manner  and  reckoned  as  nitrogen  tetroxide  (N^OJ  and  that  as 
thus  determined  and  reckoned  it  should  not  exceed  a  certain 
percentage  of  the  mixture. 

The  data  of  a  considerable  number  of  analyses  showing  the 
percentage  composition  and  specific  gravities  of  both  original 
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acids  and  spent  acids  from  the  guncotton  manufacture  was 
given,  and  the  di£Ferences  between  the  amounts  of  sulphuric  acid 
in  the  different  operations  was  seen  to  be  remarkably  constant, 
showing  the  mixture  to  be  well  proportioned  for  this  purpose. 

Observations  were  made  on  the  permanency  of  composition  of 
the  mixed  acids  stored  in  darkness  and  in  sunlight ;  on  the  color 
of  the  acids  as  a  criterion  of  the  amount  of  nitrogen  oxides  pres- 
ent ;  on  the  change  of  color  produced  by  heating  them  ;  on  the 
freezing  of  the  acids  and  the  rate  of  expansion  of  different  mix- 
tures. 

The  specific  gravity  bottle  used,  which  was  devised  by  Pro- 
fessor Barker,  and  which  was  particularly  adapted  to  this  work, 
was  exhibited. 

William  H.  Kruo,  Secretary. 
RHODE   ISLAND   SECTION. 

The  regular  monthly  meeting  of  the  Rhode  Island  Section  of* 
the  American  Chemical  Society  was  held  at  the  Hope  Club,  Prov- 
idence, October  27,  1898,  with  Mr.  Edward  D.  Pearce  as  pre- 
siding officer. 

Prof.  J.  H.  Appleton,  of  Brown  University,  presented  a  paper 
on  **Some  Elements  Recently  Announced.*'  The  speaker  dis- 
cussed the  substances  proposed  during  the  summer  of  1898  as 
new  elements :  neon,  metargon,  krypton,  xenon,  etherion,  coro- 
nium,  monium,  and  polonium.  In  the  paper  all  the  facts  and 
data  respecting  these  substances,  as  far  as  published  to  date,  were 
collected. 


The  regular  monthly  meeting  of  the  Rhode  Island  Section  of 
the  American  Chemical  Society  was  held  at  the  Hope  Club, 
Providence,  December  15,  1898,  at  8  o'clock,  with  Mr.  Edward 
D.  Pearce  as  presiding  officer. 

After  dinner  the  members  and  guests  proceeded  to  the  Chem- 
ical Laboratory  of  Brown  University.  Here  Professor  J.  H.  Ap- 
pleton  gave  a  lecture  on  *  *  Experimentation  in  Organic  Chemis- 
try." His  remarks  were  illustrated  by  experiments  performed 
with  simple  appliances  of  his  own  invention.  These  experi- 
ments showed  how  a  number  of  the  facts  and  operations  of  or- 
ganic chemistry  may  be  demonstrated  neatly,  quickly,  and  con- 
clusively. 

The  reduction  of  cupric  oxide  by  sugar  and  the  carbon  diox- 
ide formed  were  easily  shown.     The  presence  of  nitrogen  in  al- 
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bumen  was  illustrated  by  two  processes.  Chlorine  in  chloroform 
was  demonstrated  by  passing  it  through  a  hot  tube  and  collect- 
ing the  products  of  decomposition.  All  these  experiments  were 
performed  by  simple  devices,  easily  made,  and  mark  an  improve- 
ment in  qualitative  work  of  this  kind. 

Walter  B.  Smith,  Secretary. 
NEW  YORK   SECTION. 

The  local  section  of  the  American  Chemical  Society  held  its 
regular  meeting  at  the  College  of  the^ity  of  New  York^oti  Fri- 
day evening,  November  9,  Dr.  William  McMurtrie  presiding, 
and  ninety-fivfi  members  and  visitors  present,  Tne  following 
papers  were  read  : 

* 'Preliminary  Note  on  Proposed  Patent  Legislation  in  its  Re- 
lation to  American  Chemists,*'  by  C.  C.  Parsons. 

"Atomic  Weight  as  a  Cyclic  Function,'*  by  Thomas  Bayley, 
England. 

•'Recent  Progress  in  Photochemistry,"  by  L.  H.  Friedburg. 

"The  Commercial  Electrolysis  of  Salt  in  the  United  States," 
by  H.  Carmichael. 

"Notes  on  the  Electrolysis  of  Salt,"  by  J.  D.  Pennock. 

On  motion  the  chair  was  authorized  to  appoint  a  committee  of 
five  to  consider  what  action  should  be  taken  on  proposed  patent 
legislation. 

The  chairman  reported  that  the  Chemists'  Club  had  been  duly 
organized  and  the  rooms  leased,  and  it  was  expected  that  all 
necessary  furnishing  would  be  completed  in  time  for  the  meeting 
of  the  general  society  in  the  holiday  week. 

The  announcement  was  made  that  the  membership  of  the  sec- 
tion has  passed  the  300  mark,  which,  in  accordance  with  the  pro- 
visions of  the  new  constitution,  allows  the  section  four  represen- 
tatives on  the  council. 

The  secretary  was  therefore  directed  by  unanimous  vote  to  cast 
a  ballot  electing  the  following  gentlemen  to  represent  the  society : 
William  McMurtrie,  A.  A.  Breneman,  C.  A.  Doremus,  and  A. 
H.  Sabin,  and  in  the  event  of  any  of  these  being  elected  council- 
ors-at-large,  Durand  Woodman,  J.  B.  F.  Herreshoff,  E.  G.Love, 
E.  E.  Smith,  Geo.  C.  Stone,  and  C.  B.  Voorhees  as  alternates  in 
the  order  named. 

The  Executive  Committee  decided  to  postpone  the  next  regu- 
lar meeting  of  the  section  to  Friday,  January  13th,  to  avoid  fol- 
lowing the  midwinter  meeting  too  closely.  The  general  secre- 
tary reported  a  number  of  papers  already  promised  for  the  mid- 
winter meeting,  and  all  arrangements  progressing  favorably. 

Durand  Woodman,  Secretary, 
CINCINNATI  SECTION. 

The  sixty-fourth  regular  meeting  of  the  Cincinnati  Section 
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was  held  on  Thursday,  December  15th,  in  the  Chemical  Lecture 
Room  of  Hanna  Hall,  University  Buildings,  with  fifteen  mem- 
bers present  and  President  O.  W.  Martin  in  the  chair. 

Prof.  T.  H.  Norton  read  an  interesting  paper  on  the  ''Occur- 
rence  of  the  Diamond  in  Various  Parts  of  the  United  States,  and 
on  the  First  Occurrence  of  the  Diamond  in  Ohio.*'  The  exhi- 
bition of  various  specimens  of  diamonds,  including  that  found  in 
Ohio,  and  the  experiment  demonstrating  the  combustibihty  of 
this  substance,  lent  additional  interest  to  the  paper.  The  gem 
found  in  Ohio  presented  in  its  cut  state  an  unusual  degree  of 
brilliancy,  while  measurements  of  its  specific  gravity  gave  a  re- 
sult markedly  higher  than  with  any  diamond  hitherto  observed, 
which  would  suggest  a  connection  between  its  specific  gravity 
and  its  refractive  properties.  This  point  Professor  Norton  in- 
tends further  to  investigate. 

Mr.  Willett  C.  Pierson  then  addressed  the  meeting  on  *'  The 
Mechanical  and  Chemical  Testing  of  Cement,"  exhibiting  speci- 
mens and  charts  illustrative  of  the  subject. 

The  election  of  officers  of  the  section  for  1899  was  finally  held, 
and  resulted  as  follows : 

President — Wm.  Simonson. 

Vice-presidents — R.  M.  Hughes  and  J.  N.  Hurty. 

Secretary — S.  Waldbott. 

Treasurer — Henry  B.  Foote. 

Directors — Thomas  Evans,  D.  J.  Ogilvy,  and  Wm.  H.  Crane. 

Upon  motion  the  meeting  adjourned. 

S.  Waldbott,  Secretary. 
CHICAGO  SECTION. 

The  November  meeting  of  the  Chicago  Section  was  held  at  the 
Technical  Cliib,  230  South  Clark  Street,  Tuesday,  November 
8th.  After  the  usual  dinner,  Mr.  Woods,  of  New  York,  de- 
scribed a  process  for  extracting  fats  from  tankage  by  means  of 
light-boiling  naphtha.  This  was  followed  by  a  general  discus- 
sion of  the  subject. 

F.  B.  Dains  then  read  a  paper  on  the  preparation,  properties, 
and  reactions  of  the  isourea  ethers. 


At  the  meeting  of  the  Chicago  Section  held  December  23d, 
the  following  officers  were  elected  for  the  coming  year : 

President — C.  E.  Linebarger. 

Vice-president — W.  R.  Smith. 

Secretary — F.  B.  Dains. 

Treasurer — C.  W.  Patterson. 

Executive  Committee — C.  E.  Linebarger,  F.  B.  Dains,  and  E. 
K.  Nelson. 

Member  of  Council — ^J.  H.  Long. 

F.  B.  Daiks,  Secretary. 
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MINUTES  OF  THE  EIGHTEENTH  GENERAL  MEET- 
ING    OF    THE    AMERICAN    CHEMICAL  SO- 
CIETY, HELD    IN  NEW  YORK  CITY, 
DECEMBER  27  AND  28,  1898. 

TUESDAY  MORNING,  DECEMBER  27,   1898. 

The  morning  session  met  in  the  Assembly  Hall  of  the  Chem- 
ists' Club,  108  W.  55th  St.,  New  York  City.  The  meeting 
was  called  to  order  at  10.15  a.m.,  by  Dr.  William  McMurtrie 
who  welcomed  the  visiting  chemists  to  the  hospitalities  of  the 
New  York  Section. 

Hon.  Randolph  Guggenheimer,  president  of  the  council  of 
the  City  of  New  York,  then  welcomed  the  chemists  to  the  City 
of  New  York,  and  President  Alexander  S.  Webb,  D.D.,  of  the 
College  of  the  City  of  New  York,  extended  a  special  welcome  on 
behalf  of  New  York's  educational  and  scientific  institutions. 
In  response.  President  Charles  £.  Munroe,  of  the  American 
Chemical  Society,  thanked  the  previous  speakers  for  the  cordial 
welcome  extended  to  the  society,  and  expressed  the  appreciation 
of  the  members  of  the  efforts  in  their  behalf  on  the  part  of  the 
New  York  Section. 

President  Munroe  then  called  the  meeting  of  the  society  to 
order  at  10.30  a.m.  On  motion,  M.  T.  Bogert  was  elected  sec- 
retary/rit?  tem,^  on  account  of  the  illness  of  Secretary  Hale. 
President  Munroe  then  introduced  Professor  Raoul  Pictet,  of 
Geneva,  who  expressed  his  pleasure  at  being  present,  and  spoke 
in  eulogy  of  our  country  and  of  the  work  of  our  scientific  men. 
Dr.  McMurtrie  moved  **  that  the  routine  business  of  the  society 
be  postponed  until  the  evening  session  and  that  we  now  proceed 
to  the  reading  and  discussion  of  papers.''  Seconded  and  car- 
ried. 

The  following  is  a  list  of  the  papers  presented  at  the  meeting 
of  the  society  : 
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1.  A  New  Method  for  the  Separation  of  Arsenic,  Antimony,  Selenium,  and 
Tellurium  from  One  Another  and  from  Other  Metals.    Augustus  E.  Knorr. 

2.  Measurement  of  Turbidity  in  Water.     W.  P.  Mason. 

3.  Antitoxin  Serum  for  Some  Animal  Diseases.     E.  A.  de  Schweinitz. 

4.  Separation  of  Impurities  in  the  Electrolytic  Refining  of  Copper.  P. 
de  P.  Ricketts. 

5.  The  Preparation  of  Metallic  Tellurium.     Victor  Lenher. 

6.  The  Preparation  of  Pure  Tellurium.     Henry  Fay. 

7.  The  Effect  of  Certain  Nitrogenous  Materials  upon  the  Growth  of 
Yeast.    Harris  E.  Sawyer. 

8.  The  Assay  of  Nux  Vomica.    E.  R.  Squibb. 

9.  The  Potato  and  Cassava  Starch  Industries  in  the  United  States.  H.  W. 
Wiley. 

fo:  Vanillin  and  Coumarin  :  Their  Separation,  Identification,  and  Estima- 
tion in  Flavoring  Extracts.     (In  abstract.)    W.  H.  Hess  and  A.  B.  Prescott 

11.  Emetine  Octoiodide,  and  the  Extraction  and  Estimation  of  Alkaloids 
generally.     (In  abstract.)    H.  M.  Gordin  and  A.  B.  Prescott. 

12.  Notes  on  the  Estimation  of  Carbohydrates.  F.  W.  Traphagen  and  W. 
M.  Cobleigh. 

13.  The  Composition  and  Rancidity  of  Butter  Fat.     C.  A.  Browne,  Jr. 

14.  The  Action  of  Iodine  on  the  Fatty  Amines.    James  F.  Norris. 

15.  On  the  Constitution  of  Some  Canadian  Bar3rto-celestites.  C.  W. 
Volney. 

16.  Laboratory  Notes.    A.  C.  Langmuir. 

17.  New  Method  for  the  Determination  of  Zinc.    A.  C.  Langmuir. 

18.  Note  on  Drown 's  Method  of  Determining  Silicon.    A.  C.  Langmuir. 

19.  The  Determination  of  Arsenic  in  Glycerine.    A.  C.  langmuir. 

20.  Note  on  Certain  Flame  Colorations  Yielded  by  the  Chlorides  and 
Bromides  of  Nickel  and  Cobalt.    Allerton  S.  Cushman. 

21.  Conservation  of  Energy  in  the  Living  Organism.    W.  O.  Atwater. 

22.  Claissen's  Reaction  as  an  Aid  to  the  Determination  of  the  Constitution 
of  Terpene  Ketones.    M.  C.  Burt. 

23.  The  Determination  of  Sulphur  in  Sulphites.    A.  Bourgougnon. 

24.  Sixth  Annual  Report  of  the  Committee  on  Atomic  Weights.  F.  W. 
Clarke. 

25.  Report  of  the  Third  International  Congress  of  Applied  Chemistry.  H. 
W.  Wiley. 

26.  Improved  Apparatus.    J.  L.  Sammis. 

27.  The  Determination  of  Potash  as  Perchlorate.     F.  S,  Shiver. 

28.  Use  of  Compressed  Oxygen  in  Elementary  Organic  Analysis ;  and  of 
Soda-lime  in  the  Quantitative  Determination  of  Carbon  Dioxide.  F.  G. 
Benedict  and  O.  F.  Tower. 

29.  Commercial  Iron  Silicides,  with  High  Percentage  of  Silicon.  G. 
de  Chalmot. 

30.  Glycollic  Acid :  One  of  the  Acids  of  Sugar  Cane.     Edmund  C.  Shorey. 

31.  The  Analytical  Constants  of  American  Linseed  Oil.  Augustus  H.  Gill 
and  Augustus  C.  Lamb. 
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32.  A  New  Method  for  the  Preparation  of  Cesium.    Hugo  Erdmann  and 
A.  £.  Menke. 

33.  The  Absorption  of  Methane  and  Ethane  by  Fuming  Sulphuric  Add. 
R.  A.  Worstall. 

34.  Notes,  on  the  Rapid  Determination  of  Tungsten  in  Steel.    George 
Auchy. 

35.  The  Determination  of  Carbon  Monoxide,  Methane,  and  Hydrogen  by 
Combustion.     L.  M.  Dennis  and  C.  G.  Hopkins. 

36.  Analytical  Research  on  Sod  Oil.    Erastus  Hopkins,  D.  L.  Cobum,  and 
Edward  Spiller. 

37.  Table  of  Baum^'s  Hydrometer — ^American  Standard.  (By  title.) 
Sidney  S.  Emery. 

38.  The  Inversion  of  Sugar  by  Salts.  (By  title.)  L.  Kahlenbeig,  D.J. 
Davis,  and  R.  E.  Fowler. 

39.  The  Heat  of  Bromination  Tests  for  Oils.  Augustus  H.  Gill  and  Israel 
Hatch,  Jr. 

40.  A  Balance  for  Use  in  Courses  in  Elementary  Chemistry.  C.  E.  Line- 
barger. 

41.  Sodium  Aluminate  as  a  Means  for  the  Removal  of  Lime  and  Suspended 
Matter  from  Water  for  Use  in  Boilers.    C.  F.  Mabery  and  E.  R.  Baltzley. 

42.  Perhalides  of  Quinoline.    P.  F.  Trowbridge. 

43.  On  The  Isourea  Ethers  and  Other  Derivatives  of  Ureas.    F.  B.  Dains. 

44.  The  Action  of  Sulphuric  Add  on  Thymol.    James  H.  Stebbins. 

45.  The  Synthesis  of  Selenophen.    Robert  E.  Lyons. 

46.  A  New  Filtering  Medium.    Geoz^  W.  Sargent  and  John  Kirk  Faust. 

Papers  i,  4,  and  5  were  then  read.  In  connection  with  the 
reading  of  his  paper,  Dr.  Lenher  exhibited  a  four-pound  ingot 
of  pure  tellurium.  A  verbal  abstract  of  paper  6  was  given  by 
Dr.  Norris,  and  then  followed  a  most  interesting  discussion,  par- 
ticipated in  by  Messrs.  Munroe,  Mabery,  Norris,  Lenher, 
Ricketts,  Knorr,  and  others,  on  the  separation  of  selenium  from 
tellurium  and  the  preparation  of  pure  tellurium,  including 
methods  for  redetermining  the  atomic  weight  of  tellurium.  Paper 
3  was  read  by  title.  Paper  2  was  postponed  (see  minutes  of 
Wednesday  afternoon  session). 

The  meeting  adjourned  at  1 1.45,  in  time  to  take  a  special  train 
upon  the  Elevated  R.R.  at  12  o'clock,  at  the  58th  St!  Station. 
Crossing  to  Jersey  City  by  the  ferry  at  the  foot  of  Liberty  St., 
the  society  found  a  special  train,  provided  by  the  Jersey 
Central  R.  R.,  to  carry  them  to  the  New  Jersey  Zinc  Co.'s 
works  at  Newark.  After  an  excellent  luncheon,  generously 
provided  by  the  latter  company,  the  chemists  inspected  the 
works,  every  facilit]f  being  afforded  them  by  the  officials  of  the 
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company.  The  remainder  of  the  afternoon  was  spent  in  visiting 
the  following  places  of  interest,  where  the  chemists  met  with  a 
similar  welcome  and  most  courteous  treatment :  Balbach  Smelt- 
ing and  Refining  Co.,  P.  Reilly  Patent  Leather  Works,  Murphy 
Varnish  Co.,  Knickerbocker  Cement  Co.,  Wetherill  Concentra- 
tor Co.,  and  Benjamin  Atha  and  lUingworth  Steel  Co.  The 
special  train  left  the  New  Jersey  Zinc  Co.'s  works  shortly  after 
5  P.M.  on  its  return  trip,  over  150  chemists  having  taken  part 
in  the  excursion. 

EVENING  SESSION,  DECEMBER  27. 

The  evening  session  again  met  in  the  Assembly  Hall  of  the 
Chemists*  Club. 

The  meeting  was  called  to  order  by  President  Munroe  at  8.30 
P.M.  On  motion  the  reading  of  the  minutes  of  the  last  regular 
meeting  was  dispensed  with. 

Secretary  Hale's  report,  which  follows,  was  they  read  by  the 
secretary ^n?  iem.,  and  adopted: 

REPORT  OF  THE  SECRETARY. 

The  progress  of  the  society  continues  unabated.  The  year 
1898  has  witnessed  as  great  development  along  certain  lines  as 
any  year  in  the  history  of  the  society.  Radical  changes  have 
been  made  this  year,  and  we  may  trust  that  in  the  main  these 
changes  have  been  marked  improvements. 

The  constitution  and  by-laws  recently  adopted  go  into  full 
effect  at  the  beginning  of  1899,  and  the  year  1898  has  marked 
the  transition  period  between  the  old  and  the  new. 

The  council  has  been  very  largely  increased,  and  has  become 
the  governing  body  in  all  matters  pertaining  to  the  general  wel- 
fare of  the  society.  As  now  constituted,  the  council  consists  of 
the  past  presidents,  11  in  number,  12  members  elected  at  large, 
and  one  representative  from  each  local  section  for  every  hundred 
members  or  fraction  thereof ^  and  in  addition,  the  president,  sec- 
retary, and  editor  ex-officio.  There  will  be  42  councilors  for  the 
year  1899. 

There  has  been  a  net  gain  in  the  membership  during  the  past 
year  of  259,  a  slightly  larger  increase  than  in  any  previous  year 
in  the  history  of  the  society,  and  nearly  twice  as  much  as  the 
average  gain  since  the  year  1889,  when  the  plan  was  formed  to 
establish  local  sections  and  hold  general  meetings  in  different 
localities  throughout  the  country.  Prom  that  date  the  member- 
ship and  influence  of  the  society  have  steadily  increased  until 
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tbe  present  time,  when  the  New  York  Section  alone  has  about 
one-half  more  members  than  were  registered  on  the  whole  roll 
of  the  society  nine  years  ago. 

The  society  has  now  ten  local  sections,  the  last  one  having 
been  chartered  during  the  present  year.  It  is  known  as  the 
North  Eastern  Section,  and  has  its  headquarters  in  Boston.  The 
New  Orleans  Section,  which  has  been  reported  in  previous  years, 
has  been  dissolved  by  act  of  the  council,  since  it  has  never  had 
more  than  a  nominal  existence. 

By  the  courtesy  of  the  Chemists'  Club,  of  New  York  City,  the 
library  of  the  society  has  been  furnished  with  permanent  quar- 
ters, and  an  appropriation  has  been  made  by  the  council  suffi- 
cient to  furnish  ample  shelving.  The  resignation  of  the  former 
librarian  was  accepted  at  the  meeting  of  the  council  in  Boston, 
last  summer,  and  Mr.  Marston  Taylor  Bogert  was  elected 
librarian  in  his  place.  The  librarian  is  perfecting  arrangements 
by  which  the  advantages  of  the  library  may  be  enjoyed  by  members 
living  at  a  distance,  under  suitable  conditions  regarding  the  safe 
transportation  and  return  of  the  books. 

The  Committee  on  Standards  of  Measurement,  recommended 
at  the  Washington  meeting  last  winter,  has  been  appointed,  and 
will  probably  present  a  report  at  this  meeting. 

The  edition  of  the  Journal  has  been  increased  from  1,500  to 
1,700,  and  with  the  present  rapid  growth  in  membership,  a 
farther  increase  is  likely  to  be  demanded  soon.  The  amount  of 
material  accepted  by  the  Committee  on  Papers  and  Publications 
has  accumulated  so  as  to  necessitate  an  increase  in  the  size  of 
the  Journal  during  the  present  month,  and  it  may  be  advisable 
to  provide  for  a  permanent  increase  in  size. 

The  list  of  exchanges  has  been  very  thoroughly  considered  and 
revised  by  a  committee  appointed  for  that  purpose.  A  committee 
has  been  appointed  to  consider  the  question  of  increasing  the 
size  of  the  Standing  Committee  on  Papers  and  Publications. 
The  chairman  of  the  Committee  on  Water  Analysis  suggests 
that  the  committee  be  discharged,  inasmuch  as  after  considerable 
correspondence  the  members  are  unable  to  agree  upon  a  report. 
The  Committee  on  Duty- Free  Importations  made  an  exhaustive 
report  some  time  ago,  and  this  report  is  on  file  in  the  archives  of 
the  society. 

The  finances  of  the  society  have  been  in  good  condition,  and 
under  the  authority  of  the  directors  a  permanent  investment  of 
certain  funds  has  been  made  bj'  the  treasurer,  as  will  probably 
appear  in  his  report.  At  the  Boston  meeting  a  committee  was 
appointed  by  the  council  to  consider  the  question  of  life  mem- 
berships and  the  fund  authorized  by  the  constitution  in  connec- 
tion therewith.  This  committee  has  reported  to  the  council 
with  a  recommendation  which  has  been  adopted  by  that  body, 
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authorizing  the  setting  aside  as  a  permanent  *'  Life  Membership 
Fund  '*  sufficient  to  guarantee  in  perpetuity  the  interests  of  all 
present  and  past  life  members. 

At  the  general  meeting  in  Boston  last  summer,  three  addi- 
tional honorary  members  were  elected;  viz..  Sir  William  Crookes, 
Henri  Moissan,  and  J.  H.  van  't  Hofif.  These  gentlemen  have 
all  accepted  their  election  with  expressions  of  profound  thanks 
and  appreciation  of  the  same. 

The  membership  of  the  society  is  now  constituted  as  follows : 

Honorary  members lo 

Members 1298 

Associates 107 


Total 1415 

Since  the  presentation  of  the  last  annual  report,  the  society 
has  lo^t,  by  death,  the  following-named  members  : 

Ferdinand  von  Mueller,  Melbourne,  Australia;  S.  W.  Mc- 
Keown,  Youngstown,  O. ;  Henry  C.  Coon,  Alfred,  N.Y.;  Pedro  J. 
Sosa,  Panama,  South  America ;  Henry  Trimble,  Philadelphia; 
William  Bromwell,  Brooklyn,  N.  Y.;  Thomas  L.  Blalock,  Balti- 
more, Md.  Respectfully  submitted, 

Albert  C.  Halb, 

Secretary- 

The  following  report  from  the  treasurer  was  presented  and 
accepted  : 

REPORT  OP  THE  TREASURER  PROM  DECEMBER  23,  1897, 

TO  DECEMBER,  22,  1898. 

Revenue  and  ExPENnrruREs. 

Dr. 

To  Journal  ( 12  Nos. ) $2,655.27 

Secretary's  office 1,150.58 

Librarian's    "    288.07 

Treasurer's    *'    101.47 

Editor's          **    51.08 

"           salary 250.00 

General  expense t 42.79 

Expenses  of  Washington  meeting 144. 17 

"             Boston  meeting 88.07 

Reprinting  Journals 3i9-^ 

Authors'  reprints   I76>89 

Review  of  American  Chemical  Research 47*75 
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To  Local  Sections  : 

New  York {150.00 

AVashington 158.67 

North  Eastern 299.99 

Chicago 61.66 

Nebraska 10.36 

Columbus,  O 11.66 

Cincinnati,  0 68.23 

I760.57 

To  Commissions  to  General  Secretary 649.00 

Special  investment  fund 2,156.47 

Balance  in  bank 13*39 

$8,895.07 
Cr. 

By  Balance  on  hand  December  23,  1897 I822.07 

Dues  collected  by  General  Secretary 6,490.00 

Subscriptions  through  Chemical  Publishing  Co ... .  620. 77 

Advertisements  th2x>ugh  Chemical  Publishing  Co  •  •  649.96 

Sales  of  back  numbers  through  librarian 237.99 

'*  Interest  on  balances 20.41 

special  investment 35-oo 

Cash  returned  by  Lehigh  Valley  Section 18.87 


«< 

41 


t< 

tt 

<« 

t« 

II 

14  44 

41 


18,895.07 

ASSBTS  AND  LlABIUTIKS. 
Dr. 

To  Chemical  Publishing  Co $63.70 

**  New  York  Local  Section 28.84 

*'  Columbus  Local  Section r . . .  3.84 

**  Rhode  Island  Local  Section 0.59 

Balance  in  favor  of  American  Chemical  Society  • . .  4,012.05 


41 


$4,109.02 

Cr. 

By  Special  investment  fund $2, 132.50 

' '  Uncollected  accounts  (editor)   i ,270.64 

•*            **                **           (secretary) 615.00 

'*  Balances  in  secretary's  hands 77-59 

'*  Cash  in  treasurer's  hands 13-29 


14,109.02 

The  library  of  the  society  does  not  appear  in  the  above  schedule  of  assets 
because  it  is  not  yet  appraised.  CHAS.  F.  McKENNA,  Treasurer. 

The  accounts  of  the  treasurer,  as  set  forth  above,  have  been 
examined,  together  with  the  books,  vouchers,  and  securities,  and 
all  have  been  found  correct,  E.  &  O.  E. 

A.  H.  Sabin, 
DuRAND  Woodman, 
A.  P.  Hallock, 
New  York,  December22, 1898.  Finance  Commiiiee. 
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The  librarian's  report  was  presented  and  accepted  as  follows  : 

REPORT  OP  THE  LIBRARIAN. 

To  the  Council  of  the  Apierican  Chemical  Society  : 

Gentlemen  :  I  have  the  honor  to  report  that  I  was  elected 
librarian  of  the  society  on  August  22,  1898,  vice  F.  E.  Dodge, 
resigned.  The  library  of  the  society  at  that  time  was  boxed  up 
and  in  storage  in  New  York  City.  The  chief  effort  of  the 
librarian  has  therefore  been  devoted  to  securing  for  the  library  a 
place  where  its  volumes  could  be  properly  shelved  and  cared  for, 
and  where  they  should  be  accessible  to  all  the  membership  upon 
demand  in  person  or  by  letter.  I  am  happy,  therefore,  to  be  able 
to  report  that  the  Bo^rd  of  Trustees  of  the  Chemists'  Club,  at  108 
West  55th  St.,  New  York  City,  have  tendered  to  the  American 
Chemical  Society  the  use  of  their  rooms  as  a  depository  for  the 
library  of  the  American  Chemical  Society,  under  the  following 
general  conditions : 

(i)  The  books,  pamphlets,  periodicals,  etc.,  to  be  shelved  at 
the  expense  of  the  society,  under  the  direction  of  the  board  of 
trustees  of  the  club,  the  shelves  and  other  library  fixtures  pur- 
chased by  the  society,  to  remain  the  property  of  the  society. 

(2)  The  society  to  assume  the  expense  of  the  preservation  and 
insurance  of  its  library. 

(3)  That  access  to  the  library'  may  be  had  by  non-members 
of  the  club  at  such  times  as  may  be  mutually  agreed  upon  by 
the  librarian  of  the  society  and  the  house  and  library  committees 
of  the  club,  subject  to  the  approval  of  the  board  of  trustees  of 
the  club. 

In  exercise  of  the  power  conferred  upon  it,  the  Library  Com- 
mittee of  the  society,  consisting  of  the  librarian,  the  chairman  of 
the  New  York  Section,  and  the  treasurer,  have  agreed  to  the 
above  general  conditions,  and  the  transfer  of  the  library  will 
begin  as  soon  as  the  necessary  shelving  can  be  installed.  A 
home  is  thus  assured  to  the  library  of  the  society,  where  its  vol- 
umes can  be  carefully  distributed  and  classified.  As  soon  as 
this  is  accomplished,  the  books  will  be  carefully  catalogued,  and 
copies  of  this  catalogue  forwarded  to  all  the  members,  indicating 
also  under  what  conditions  books  can  be  withdrawn  from  the 
library.  It  is  believed  that  then  the  society  will  appreciate  the 
value  of  having  such  a  library,  that  all  the  membership  may 
enjoy  its  benefits,  and  that  they  will  take  pride  in  keeping  it 
thoroughly  up  to  date,  which  is  the  sine  qua  non  of  a  scientific 
library.  Respectfully  submitted, 

Marston  Taylor  Bogert, 

Librarian. 
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The  report  of  the  Committee  on  Coal  Analysis  was  presented 
by  Dr.  McMurtrie  for  the  committee.  On  motion,  the  report  was 
accepted  and  the  committee  continued. 

The  Committee  on  Standard  Color  for  Water  Analysis  re- 
ported their  failure  to  agree  upon  any  standard.  The  report 
was  accepted  and  the  committee  discharged. 

The  report  of  the  Committee  on  Atomic  Weights  was  pre- 
sented as  paper  No.  24  (see  minutes  of  Wednesday  morning 
session),  to  be  read  on  Wednesday. 

The  report  of  the  Committee  on  Standards  for  Instruments  of 
Measure,  was  presented,  and,  on  motion,  referred  to  the  council 
for  action. 

The  report  of  the  Committee  on  Nomenclature  and  Spelling 
of  the  Journal  was  presented  by  Dr.  Hart,  with  the  recommen- 
dation that  the  component  elements  of  didymium  be  termed 
praseodymium  and  neodymium,  instead  of  praseodidymium, 
etc.  The  report  was  accepted  and  the  recommendation  referred 
to  the  council  for  action. 

The  report  of  the  Committee  on  Enlarging  the  Committee  on 
Papers  and  Publications  was  presented,  accepted,  and  referred  to 
the  council  for  action. 

Major  C.  C.  Parsons  presented  a  resolution  calling  for  the 
appointment  of  a  Committee  on  Patents  and  Patent  Legislation. 
On  motion,  the  matter  was  referred  to  the  council  for  action. 

President  Munroe  then  announced  the  result  of  the  voting  for 
president  and  councilors  of  the  society  for  the  coming  year  as 
follows  : 

President — Edward  W.  Morley. 

Councilors  for  Three  Years — Ira  Remsen,  Arthur  A.  Noyes, 
Thomas  M.  Drown,  William  McMurtrie. 

Councilors  for  Two  Years — F.  A.  Gooch,  William  A.  Noyes, 
H.  L.  Wells,  A.  A.  Brenenian. 

Councilors  for  One  Year—1?.  W.  Clarke,  S.  P.  Sadtler,  C.  F. 
Mabery,  Durand  Woodman. 

Prof.  Raoul  Pictet  was  next  introduced  and  delivered  a  most 
interesting  lecture  upon  *  *  La  suppression  des  ph^nom^nes 
cbimiques  a  basse  temp6rature,''  illustrating  his  remarks  by 
experiments  and  the  lantern.  He  showed  that  hydrochloric 
acid,  which  has  been  cooled  down  by  a  mixture  of  solid  carbon 
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dioxide  and  ether,  has  no  action  whatever  upon  metallic  sodium ; 
and  he  also  traced  the  relation  existing  between  the  forces  con- 
trolling the  atoms  from  astronomical,  physical,  and  chemical 
points  of  view. 

Professor  Pictet  was  followed  by  President  Munroe,  who  chose 
as  the  subject  of  his  address,  *'  Explosions  Caused  by  Com*Donly 
Occurring  Substances.''  President  Munroe  dwelt  especially 
upon  the  recent  explosion  in  the  National  Capitol  at  Washing- 
ton, and  exhibited  a  large  number  of  interesting  lantern  slides 
and  plans  in  explanation  of  the  same. 

The  meeting  adjourned  at  11.25  p-m. 

WEDNESDAY  MORNING,  DECEMBER  28. 

The  Wednesday  morning  session  met  in  Havemeyer  Hall  of 
Columbia  University,  New  York  City. 

The  meeting  was  called  to  order  by  President  Munroe  at  10.30 
A.M.  President  Seth  Low,  of  Columbia  University,  welcomed  the 
visiting  chemists  to  Columbia,  and  Chas.  P.  Chandler,  professor 
of  chemistry,  welcomed  them  to  Havemeyer  Hall,  the  chemical 
building  of  the  university.  Professor  Chandler,  in  the  course 
of  his  address,  sketched  the  development  of  chemistry  at  Colum- 
bia, from  the  founding  of  the  School  of  Mines  to  the  present 
time. 

The  reading  of  papers  was  then  taken  up.  Papers  7,  10,  and 
II,  were  read  by  title,  and  Dr.  Wiley  presented  a  short  verbal 
abstract  of  his  paper  (No.  9).  Paper  12  was  read,  and  in  the 
discussion  which  followed.  Dr.  Wiley  stated  that  the  determina- 
tion of  starch  was  still  among  the  most  difficult  in  analytical 
chemistry,  the  trouble  being  that  most  starches  were  not  simple 
substances  but  usually  mixtures,  the  character  of  the  mixture 
varying  according  to  the  source  from  which  the  starch  was  ob- 
tained. Further,  the  separation  of  starch  is  by  no  means  an 
easy  task  ;  ferments  do  not  attack  all  starches  at  the  same  rate, 
nor  does  inversion  proceed  at  the  same  rate  with  all  starches. 
The  chemistry  of  starch  is  still  very  little  understood. 

Papers  14  and  15  were  read  by  their  respective  authors;  pa- 
per 13  by  title.  Papers  16,  17,  18,  and  19,  were  read  by  Dr. 
Langmuir.  Paper  8  was  read  by  Dr.  Squibb.  Papers  21  and 
23  were  read  by  title.      Paper  24  was  presented  by  Professor 
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Clarke,  and  Dr.  McMurtrie  moved  "that  a  committee  of  five 
members  of  the  society  be  appointed  to  confer  with  similar  com- 
mittees of  other  chemical  societies  of  the  world,  with  the  object  of 
securing  uniformity  in  conclusions  regarding  atomic  weights." 
The  motion  was  carried.  The  president  appointed,  as  such  In- 
ternational Committee  on  Atomic  Weights,  the  following  mem- 
bers ;  F.  W.  Clarke,  Chairman,  E.  W.  Morley,  Edgar  F.  Smith, 
J.  W.  Mallet,  and  T.  W.  Richards. 

On  motion  of  Dr.  Wiley,  the  society  extended  a  hearty  vote 
of  thanks  to  the  following  :  Chemists'  Club,  New  York  Section, 
Columbia  University,  Seth  Low,  C.  F.  Chandler,  Raoul  Pictet, 
President  Munroe,  Messrs.  Guggenheimer  and  Webb,  N.  J. 
Central  R.  R.,  N.  J.  Zinc  Co.,  Messrs.  McMurtrie,  Doremus, 
Tripler,  the  Press,  College  of  the  City  of  New  York,  Brooklyn 
Daily  Eagle. 

Dr.  Whitney  moved  **that  all  remaining  papers  be  read  by  ab- 
stract.*'    The  motion  was  lost. 

On  motion,  all  who  had  brought  apparatus  to  illustrate 
their  papers  were  invited  to  place  the  same  on  exhibition  upon 
the  lecture  table. 

The  meeting  adjourned  at  i.iop.m.,  to  the  Industrial  Labora- 
tory of  Havemeyer  Hall,  where  a  lunch  was  provided  by  the 
New  York  Section. 

WEDNESDAY  AFTERNOON,  DECEMBER  28. 

The  concluding  session  was  held  in  Havemeyer  Hall,  of  Co- 
lumbia University. 

The  meeting  was  called  to  order  by  President  Munroe  at  2.34 
P.M.,  when  the  reading  of  papers  was  resumed.  Papers  2,  20, 
and  22  were  read  by  their  respective  authors.  Paper  25  and  all 
the  remainder  on  the  programme,  were  read  by  title,  none  of  the 
authors  being  present.  Dr.  Hart  read  a  communication  from 
Prof.  Norton  concerning  diamonds  found  recently  in  the  vicinity 
of  Cincinnati,  Ohio. 

The  meeting  then  adjourned,  sine  die,  at  3.25  p.m. 

At  5  o'clock  in  the  afternoon  the  members  were  welcomed  to 
the  College  of  the  City  of  New  York,  by  Professor  R.  O.  Dore- 
mus, and  were  entertained  by  a  lecture  and  demonstration  of  the 
properties  of  liquid  air  by  Charles  E.  Tripler,  which  was  very 
largely  attended. 
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In  the  evening  a  complimentary  dinner  was  given  to  the  vis- 
iting members  by  the  New  York  Section,  at  the  Waldorf-Astoria. 
About  150  chemists  were  present.  The  toasts  and  speakers 
were  as  follows  :  **The  Past  Year/'  Dr.  C.  E.  Munroe;  **The 
Coming  Year/'  Dr.  E.  W.  Morley  ;  **Our  Higher  Education," 
Dr.  Seth  Low;  **  Our  Allied  Science/'  Mr.  Gano  S.  Dunn; 
'•Our  Guests,"  Dr.  H.  W.  Wiley;  *'Our  Friends  across  the 
Sea,"  Prof.  Raoul  Pictet;  ^^Our  Past  Presidents,"  Dr.  C.  F. 
Chandler;  **Our  Science  Applied,"  Mr.  W.  H.  Nichols;  "Our 
Science  Taught, "  Prof.  J.  H.  Appleton  ;  ••Our  Absent  Friends," 
Dr.  W.  P.  Mason. 

M.  T.  BOGERT,  S^Q'y  pro  tern. 


BOARD  OF  DIRECTORS. 

The  board  of  directors  of  the  American  Chemical  Society  met 
on  Wednesday,  December  28,  1898,  at  the  Chemists'  Club.  The 
meeting  was  called  to  order  by  President  Munroe,  at  1.23  a.m., 
the  following  directors  being  present :  Munroe,  Doremus, 
McMurtrie,  and  Chandler.  M.  T.  Bogert  was  appointed  secre- 
tary pro  ttm. 

It  was  moved  ••that  all  expenditures  since  the  Boston  meet- 
ing, up  to  and  including  the  present  meeting,  be  and  are  hereby 
authorised."     The  motion  was  carried. 

The  meeting  adjourned  at  1.25  a.m. 

M.  T.  Bogert,  S^c'yproUm. 


COUNCIL. 

The  council  of  the  American  Chemical  Society  met  on  Tues- 
day, December  27,  1898,  at  the  Chemists'  Club.  The  meeting 
was  called  to  order  by  President  Munroe  at  11.35  P-M.,  the  fol- 
lowing councilors  being  present :  Wiley,  Doremus,  Austen, 
McKenna,  Hart,  Mabery,  McMurtrie,  Chandler,  Breneman, 
Clarke,  and  Bogert.  On  account  of  the  illness  of  Secretary 
Hale,  M.  T.  Bogert  was  appointed  secretary /^^  tern. 

Dr.  McMuitrie  gave  notice  of  some  proposed  amendments  to 
the  constitution  of  the  society,  which  had  received  the  signa- 
tures of  the  requisite  five  members  of  the  council,  and  asked  for 
the  appointment  of  a  committee  to  consider  the  same  and  report 
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thereon  to  the  council  within  three  months  from  date.  The 
president  appointed,  as  such  committee,  Messrs.  McMurtrie, 
Breneman,  and  Wiley. 

On  motion,  the  secretary  was  directed  to  take  the  usual  mode 
of  procedure  in  the  matter  of  selecting  the  various  officers  and 
committees  to  be  chosen  by  the  council  for  the  year  1899.  Dr. 
Wiley  was  appointed  by  the  council  to  move  the  thanks  of  the 
society  to  the  New  York  Section,  etc.,  at  the  closing  session  of 
the  meeting. 

The  following  motions  were  duly  made,  seconded,  and  carried : 

( 1 )  That  all  nominations  to  membership  up  to  the  close  of 
the  present  meeting,  shall  be  considered  passed  upon  favorably 
by  the  council  whenever  they  shall  be  favorably  reported  by  the 
committee  and  published  in  the  Journal. 

(2)  That  the  secretary  be  and  is  hereby  authorized  to  expend 
an  amount  not  exceeding  $100.00  for  typewriter  or  other  mate- 
rial to  save  time  and  labor  in  his  official  work. 

(3)  That  the  council  hereby  suggests  and  recommends  that 
hereafter  the  customary  dinner  at  the  general  meetings  of  the 
society  be  a  subscription  dinner,  and  not  a  complimentary  one 
at  the  expense  of  the  local  section. 

(4)  That,  hereafter,  the  editor  be  allowed  to  retain  ten  copies 
of  each  number  of  the  Journal  when  published  for  editorial  use. 

(5)  That  the  Eighteenth  General  Meeting  of  the  society  shall 
close  on  Wednesday,  December  28,  1898,  and  shall  not  continue 
on  Thursday,  December  29,  1898,  as  suggested. 

(6)  That,  beginning  with  the  February  number,  the  edition 
of  the  Journal  of  the  society  shall  be  increased  from  1,700 
copies  to  2,000  copies. 

(7)  That  the  Committee  on  Papers  and  Publications  be  au- 
thorized to  increase  the  size  of  the  Journal  to  125  pages,  for  the 
next  three  numbers. 

(8)  That  a  committee  be  appointed  to  adjust  the  matter  of 
foreign  postage  with  the  editor,  said  committee  to  report  to  the 
council,  and  then  to  the  board  of  directors ;  McMurtrie,  C.  B. 
Dudley,  and  McKenna  were  appointed  as  such  committee. 

Dr.  Hart  read  letters  from  Drs.  Trevor  and  Norton,  relating 
to  the  publication  of  papers  on  physical  chemistry  in  the  foumal 
of  Physical  Chemistry,   On  motion,  it  was  resolved  '*that,  whereas 
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the  American  Chemical  Society  now  has  a  Journal  in  which 
similar  articles  can  be  published,  the  council  deem  it  inexpedient 
to  adopt,  as  its  official  organ,  any  other  publication." 

The  following  was  received  from  Major  C.  C.  Parsons  : 

** Whereas,  a  special  committee  appointed  by  the  president  is 
now  considering  changes  in  the  Patent  Law — and,  whereas,  a 
number  of  bills  are  now  pending  in  Congress,  many  of  which 
are  hostile  to  the  interests  of  chemical  industries,  Resolved  that 
this  committee  be  authorized  to  request  the  Congressional  Com- 
mittee to  defer  action  for  the  present,  and  it  is  recommended  by 
this  committee  that  a  permanent  committee  be  appointed  by  the 
American  Chemical  Society  on  patent  and  related  legislation." 

The  council  thereupon  voted  *  *  that  a  Committee  on  Patent 
and  Related  Legislation,  to  consist  of  twenty-five  members  of 
the  society,  be  appointed  by  the  president  of  the  society,  Presi- 
dent Chas.  E.  Munroe  to  be  the  chairman  of  said  committee." 

The  recommendation  of  the  Committee  on  Nomenclature  and 
Spelling  of  the  Journal  in  regard  to  the  words  praseodymium 
and  neodymium  was  adopted  (see  minutes  of  the  society  for  the 
Tuesday  evening  session).  It  was  moved  **  that  the  chairman 
appoint  a  committee  of  not  less  than  five  members  of  the  society, 
to  attend  the  Pure  Food  Congress  in  Washington,  D.  C,  Janu- 
ary i8,  1899,  as  the  delegates  of  the  American  Chemical  Soci- 
ety.*' The  motion  was  seconded  and  carried.  Munroe, 
McMurtrie,  Little,  of  Boston,  Appleton,  of  Providence,  and 
Simon,  of  Baltimore,  were  appointed  as  such  committee. 

Dr.  McMurtrie  moved  the  thanks  of  the  council  to  Dr.  Mun- 
roe for  his  able  and  successful  administration  of  the  business  of 
the  society.     The  motim  was  carried  unanimously. 

The  meeting  adjourned  at  1.20  a.m. 


The  council  of  the  American  Chemical  Society  met  on 
Wednesday,  December  28,  1898,  at  Columbia  University.  The 
meeting  was  called  to  order  by  President  Munroe,  at  3.30  p.m., 
the  following  councilors  being  present  :  Hart,  McMurtrie, 
Wells,  Noyes,  Chandler,  Clarke,  Barker,  and  Bogert. 

It  was  moved  *'  that  the  Committee  on  Papers  and  Publica- 
tions be  and  are  hereby  authorized  to  publish  a  portrait  of  the 
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retiring  president  of  the  society  in  the  same  number  of  the  Jour- 
nal in  which  the  presidential  address  is  published/'  The  mo- 
tion was  carried. 

Dr.  Noyes  reported  for  the  Committee  on  enlarging  the  stand- 
ing Committee  on  Papers  and  Publications. 

The  report  of  the  committee  was  accepted  and  numbers  i,  3, 
4,  5,  and  6  were  adopted  as  follows : 

I.  That  the  Committee  on  Papers  and  Publications  shall  con- 
sist of  eleven  members  so  chosen  as  to  include,  in  addition  to  the 
editor,  representatives  of  each  of  the  more  important  divisions 
of  chemistry. 

3.  That  no  specific  divisions  of  the  subject  be  announced  in 
the  publication  of  the  committee. 

4.  That  after  the  committee  shall  have  been  reorganized,  each 
and  every  paper  submitted  for  publication  by  the  society,  shall 
be  referred  by  the  editor  to  that  member  of  the  committee  to 
whose  department  the  paper  in  question  belongs,  who  shall, 
jointly  with  the  editor,  decide  finally  in  regard  to  its  publica- 
tion ;  provided,  that  in  case  of  disagreement  between  the  editor 
and  said  member,  the  paper  shall  be  submitted  to  the  president 
of  the  society  for  his  decision. 

5.  That  in  all  matters  other  than  the  acceptance  of  papers  for 
publication,  the  committee  shall  act  as  a  whole,  the  editor  acting 
as  chairman  and  secretary. 

6.  That  the  reorganized  committee  shall  take  office  on  Janu- 
ary I,  1899,  or  as  soon  thereafter  as  is  possible. 

Recommendation  No.  2  was  not  adopted,  but  it  was  decided 
to  submit  it  to  the  whole  (new)  council  by  correspondence, 
asking  first  for  additional  nominations  from  the  councilors,  and 
then,  after  these  are  received,  submitting  the  matter  to  ballot, 
directing  each  councilor  to  vote  for  ^^  nam^  under  each  divi- 
sion of  chemistry. 

M.  T.  BoGKRT,  Secretary  pro  tern. 

COUNCIL  OP  THE  AMERICAN  CHEMICAL  SOCIETY,  JAN.  I.   1899. 

Members  ex-officio, 

BdwardW.Mor ley,  president,  Adelbert  College,  Cleveland,  O. 
Albert  C.  Hale,  secretary,         551  Putnam  Ave.,  Brooklyn,  N.  Y. 
Edward  Hart,  editor,  Baston,  Pa. 
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Dr.  S.  W.  Johnson, 
Charles  F.  Chandler, 
J.  W.  Mallet, 
Albert  B.  Prescott, 
C.  A.  Goessmann, 
George  F.  Barker, 
G.  C.  Caldwell, 
H.  W.  Wiley, 
Edgar  F.  Smith, 
Charles  B.  Dudley, 
Charles  E.  Munroe, 


The  Past  Presidents, 

54  Trumbull  St.,  New  Haven,  Conn. 

Columbia  University,  N.  Y.  City. 

Univ.  of  Virginia,  Charlottesville,  Vs. 

Univ.  of  Michigan,  Ann  Arbor,  Mich. 

Amherst,  Mass. 

3909  Locust  St.,  Philadelphia,  Pa. 

Cornell  University,  Ithaca,  N.  Y. 

U.  S.  Dept.  of  Agriculture,  Washington. 

Univ.  of  Pennsylvania,  Philadelphia,  Pa. 

Drawer  334,  Altoona,  Pa. 

Columbian  University,  Washington,  D.  C. 

By  Special  Article  of  New  Constitution^  until  December ^  18^. 

Peter  T.  Austen,  346  Broadway,  N.  Y.  City. 

Councilors  at  Large,     Term  expires  December,  i8gg, 

F.  W.  Clarke,  U.  S.  Geological  Survey,  Washingrton,  D.C. 

Charles  F.  Mabery,  Case  School  of  Applied  Science,Cleveland,0 

Samuel  P.  Sad  tier,  1042  Drexel  Building,  Philadelphia,  Pa. 

127  Pearl  St.,  N.  Y.  City. 

Term  expires  December ,  igoo, 

97  Water  St.,  N.  Y.  City. 
Yale  University,  New  Haven,  Conn. 
Rose  Poly.  Inst.,  Terre  Haute,  Ind. 
57  Trumbull  St.,  New  Haven,  Conn. 

Term  expires  December ,  i^r, 

Lehigh  University,  So.  Bethlehem,  Pa. 
loi  W.  8ist  St.,  N.  Y.  City. 
Mass.  Inst.  Technology,  Boston,  Mass. 
Johns  Hopkins  University,  Baltimore,  Md. 

Councilors  from  Local  Sections,    Rhode  Island  Section, 


Durand  Woodman, 


A.  A.  Breneman, 
F.  A.  Gooch, 
William  A.  Noyes, 
Horace  L.  Wells, 


Thomas  M.  Drown, 
William  McMurtrie, 
Arthur  A.  Noyes, 
Ira  Remsen, 


Charles  A.  Catlin, 


Alfred  Springer, 


Charles  A.  Doremus, 
J.  B.  F.  Herreshoff, 
E.  G.  Love, 
A.  H.  Sabin, 


W.  F.  Hillebrand, 


Porter  W.  Shimer, 


John  H.  Long, 


H.  H.  Nicholson, 


133  Hope  St.,  Providence,  R.  I. 
Cincinnati  Section, 

P.  O.  Box  621,  Cincinnati,  O. 

New  York  Section, 

17  Lexington  Ave.,  N.  Y.  City. 
19  Pierrepont  St.,  Brooklyn,  N.  Y. 
80  E.  55th  St.,  N.  Y.  City. 
Box  85,  Long  Island  City,  N.  Y. 

Washington  Section, 

U.  S.  Geological  Survey,  Washing^n,  D.  C. 

Lehigh  Valley  Section, 

Easton,  Pa. 

Chicago  Section, 

2421  Dearborn  St.,  Chicago,  111. 

Nebraska  Section, 

Univ.  of  Nebraska,  Lincoln,  Nebraska. 
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North  Carolina  Section, 
Charles  Baskerville,  Chapel  Hill,  N.  C. 

Columbus  Section. 
N.  W.  Lord,  Ohio  Stafe  University,  Columbus,  O. 

North  Eastern  Section, 

John  Aldeu,  Lawrence,  Mass. 

A.  D.  Little,  7  Exchange  Place,  Boston,  Mass. 

Henry  P.  Talbot,  Mass.  Inst.  Technology,  Boston,  Mass. 

NAMES  PROPOSED   FOR   MEMBERSHIP. 

Banghart,  Edgar  D.,  Wymore,  Nebraska. 

Baxter,  Wm.  T.,  47  St.  Felix  St.,  Brooklyn.  N.  Y. 

Bradbury,  Dr.  Robert  H.,  Central  Manual  Training  School, 
Philadelphia. 

Hamilton,  H.  C,  637  Baker  St.,  Detroit,  Mich. 

Hazard,  F.  R.,  Solvay  Process  Co.,  Syracuse,  N.  Y. 

Hoffman,  John  W.,  State  A.  and  M.  College,  Orangeburg,  S.C. 

Horton,  £.  G.,  I^ab.  State  Board  of  Health,  Columbus,  O. 

Koch,  Charles  F.,  2334  Ashland  Ave.,  Cincinnati,  O. 

Lamar,  Wm.  R.,  55  W.  127th  St.,  N.  Y.  City. 

Lambom,  Leebert  L.,  care  of  Curtis  Davis  &  Co.,  136  State 
St.,  Boston,  Mass. 

Lee,  Waldemar,  2802  W.  Lehigh  Ave.,  Philadelphia. 

Linton,  J.  H.,  3012  Wabash  Ave.,  Chicago,  111. 

McCay,  Leroy  W.,  Princeton,  N.  J. 

Neiman,  Howard  S.,  8  E.  97th  St.,  N.  Y.  City. 

Rogers,  Allen,  Univ.  of  Maine,  Orono,  Me. 

Schober,  W.  B.,  Lehigh  Univ.,  South  Bethlehem,  Pa. 

Spieler,  Augustus  J.,  care  of  The  Will  and  Baumer  Co.,  Syr- 
acuse, N.  Y. 

Street,  John  Phillips,  New  Brunswick,  N.  J. 

Wagner,  Dr.  Theodore  B.,  care  of  Glucose  Sugar  Ref.  Co., 
Beach  &  Taylor  Sts.,  Chicago,  111. 

Wiener,  William,  62J  Nelson  Place,  Newark,  N.  J. 

Wilkens,  H.  A.  J.,  careof  N.  J.  Zinc  Co.,  52  Wall  St.,  N.Y.  City. 

Witherspoon,  Thomas  A.,  27  Iowa  Circle,  Washington,  D.C. 

NAMES  PROPOSED  FOR  ASSOCIATE  MEMBERSHIP. 

Cayvan,  Llewellyn  L.,  660  Sixth  St.,  South  Boston,  Mass. 

Driehaus,  Irwin  W.,  Madisonville,  O. 

Fetsch,  William,  2530  W.  6th  St.,  Cincinnati,  O. 

Russell,  George  F.,  careof  Russell  Paper  Co.,  Lawrence,  Mass. 

Young,  Charlotte  S. ,  Mt.  Hope  Road,  Price  Hill,  Cincinnati,  O. 

NEW  MEMBERS  EI<ECTED  JANUARY  23,   1 899. 

Bamett,  Edwin  S.,  Mt.  Alvem,  Delaware  Co.,  Pa. 
Bass6,  Karl  Kurt,  158  Waverly  Place,  N.  Y.  City. 
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Bradley,  Walter  Parke,  242  High  St.,  Middletown,  Conn. 
Brush,  Charles  F.,  1003  Euclid  Ave.,  Cleveland,  O. 
Closson,  C.  D.,  Ohio  Med.  Univ.,  Columbus,  O. 
Coggeshall,  George  W.,  13  Prescott  Hall,  Cambridge,  Mass. 
Cook,  Robert  A.,  66  Maiden  Lane,  N.  Y.  City. 
Crane,  Fred.,  142  Walnut  St.,  Montclair,  N.  J. 
Dieckmann,  Otto,  1182  Harrison  Ave.,  Cincinnati,  O. 
Gallivan,  Frank  B.,  Polytechnic  Institute,  Brooklyn,  N.  Y. 
Giddings,  H.  DeWitt,  173  Loomis  St.,  Burlington,  Vt. 
Gruener,  Hippolyte,  Adelbert  College,  Cleveland,  O. 
Haigh,  Frederic,  677  E.  24th  St.,  Paterson,  N.  J. 
Harris,  Isham  G.,  M.D.,  State  Hospital,  Poughkeepsie,  N.  Y. 
Hesse,  Bernard  Conrad,  128  Duane  St.,  N.  Y.  City. 
Hiltner,  Martin  E.,  1301  N.  St.,  Lincoln,  Nebr. 
Kelly,  Daniel  J.,  M.D.,  U.S.  Patent  Office,  Washington, D. C. 
Levene,  Phoebus  A.,  1626  Madison  Ave.,  N.  Y.  City. 
Levison,  W.  Goold,  Cooper  Institute,  N.  Y.  City. 
Riddle,  Robert  N.,  Uwchland,  Chester  Co.,  Pa. 
Sadtler,  Samuel  S.,  235  Jefferson  Ave.,  Brooklyn,  N.  Y. 
Schuyler,  Erwin  H . ,  Watertown  High  School,  Watertown.N.Y , 
Sovereign,  Clarence  L.,  128  N.Winnebago  St.,  Rockford,  111. 
Thatcher,  Roscoe  W.,  Beatrice  High  School,  Beatrice,  Nebr. 
Thompson,  Milton  S.,  P.  O.  Box  i,  Newburyport,  Mass. 
von  Egloffstein,  Camill,  714  Bushwick  Ave.,  Brooklyn,  N.Y. 
Welt,  Ida,  Ph.D.,  314  Lexington  Ave.,  N.  Y.  City. 
Wolff,  Frank  A.,  U.  S.  Coast  and  Geodetic  Survey,  Washing- 
ton, D.  C. 

ASSOCIATES  ELECTED  JANUARY  23,   1 899. 

Becket,  Frederick  M.,  310  W.  122nd  St.,  N.  Y.  City. 
Caldwell,  John  A.,  Jr.,  Cornell  University,  Ithaca,  N.  Y. 
Duff,  William  A.,  310  W.  122nd  St.,.  N.  Y.  City. 
Hall,  Gaylord  C,  P.O.Box  506,  Central  Univ.,  Richmond,  Ky. 
Hoeppner,  Josephine  M.,  Pullman,  Wash. 
Kinsley,  William  J.,  202  Broadway,  N.  Y.  City. 
Loeser,  Robert  M.,  Stanford  University,  Cal. 
Lysle,  Walter  S.,  223Chartiers  St.,  Allegheny,  Pa. 
Macdonald,  N.  M.,  Everett,  Mass. 
Meader,  Arthur  L.,  Norwood,  Cincinnati,  O. 
Parker,  Samuel  C,  4263  Fergus  St.,  Cincinnati,  O. 
Porter,  John  J.,  Station  C,  Cincinnati,  O. 
Robeson,  Anthony  N.,  The  Graceraore,  120th  St.  and  Mom- 
ingside  Ave.,  N.  Y.  City. 

Roller,  Henry  C,  Cranford,  N.  J. 

CHANGES  OF  ADDRESS. 

Lindauer,  Arthur  M.,  302  N.  State  St.,  Ann  Arbor,  Mich. 
Passolt,  H.  A.,  LaSalle,  111. 
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Persons,  A.  A.,  University,  Ala. 

Pickel,  J.  M.,  West  Raleigh,  N.  C. 

Root,  William  L.,  ii  Church  St.,  Pittsfield,  Mass. 


MEETINGS  OF  THE  SECTIONS. 

CINCINNATI   SECTION. 

The  sixty-fifth  regular  meeting  of  the  Cincinnati  Section  took 
place  on  Monday,  January  i6th,  in  the  Chemical  Lecture  Room 
of  Hanna  Hall,  University  Buildings,  with  twenty-three  mem- 
bers in  attendance  and  about  fifty  persons  present  in  all,  Presi- 
dent Wm.  Simonson  in  the  chair. 

Dr.  Wm.  Groff,  upon  request,  entertained  the  meeting  by  re- 
lating his  observations  on  the  zodiacal  light  in  the  Egyptian 
desert,  and  its  bearing  upon  the  religious  rites  of  the  Mahom- 
edans  in  that  region. 

Prof.  J.  Warren  Ritchey  then  gave  an  interesting  account  of 
the  construction  of  a  reflecting  telescope,  five  feet  in  diameter, 
now  being  built  at  the  Yerkes  observatory  in  Wisconsin,  and 
particularly  designed  for  the  purposes  of  photographic  and  spec- 
troscopic work.  The  reading  of  the  paper  was  well  illustrated 
by  diagrams  and  concluded  with  an  exhibition  of  a  number  of 
rare  lantern  slide  views,  furnished  through  the  courtesy  of  the 
speaker's  brother,  Mr.  Willis  Ritchey,  the  optician  in  charge  at 
the  Yerkes  observatory,  who  has  devised  the  special  features  of 
the  telescope  under  consideration.  s.  waldbott,  secretary. 

I.EHIGH   VALLEY   SECTION. 

A  regular  meeting  of  the  Lehigh  Valley  Section  was  held  in 
the  Chemical  Laboratory  of  Lafayette  College,  at  Kaston,  on 
Thursday  evening,  January  19th,  Dr.  Joseph  W.  Richards  pre- 
siding. 

The  annual  report  of  the  treasurer  was  read  and  approved. 

Mr.  Porter  W.  Shimer  read  a  paper  on  **Silica  and  the  Insol- 
uble Residue  in  Cement.*'  He  compared  the  hydrochloric  acid 
method  with  the  fusion  method  for  determining  silica,  and  showed 
that,  while  in  a  great  many  instances  the  results  obtained  did 
not  vary  more  than  two-tenths  per  cent.,  he  had  analyzed  several 
cements  in  which  the  hydrochloric  acid  method,  the  method  com- 
monly employed  by  cement  chemists,  gave  results  much  too  high. 
Four  recent  samples  showed  a  difference  in  the  percentage  of 
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silica  obtained  by  the  two  methods  of  2.48  per  cent.,  2.46  per 
cent.,  I.I  percent.,  and  i.o  per  cent.,  respectively,  in  each  case 
the  silica  obtained  by  the  direct  acid  treatment  being  high.  A 
subsequent  complete  analysis  of  the  filtrate  from  the  high  silica 
of  the  first  sample  gave  correspondingly  low  results  for  the  other 
determinations,  the  alumina  being  low  by  1.24  per  cent.,  iron 
oxide  by  0.64  per  cept.,  lime  by  0.28  per  cent.,  magnesia  by  0.12 
percent.,  and  sulphuric  anhydride  by  0.14  per  cent.,  a  total 
low  percentage  of  2.42. 

In  another  sample  he  obtained  26.9  per  cent,  silica  by  the  fu- 
sion method,  and  31.45  per  cent,  by  the  acid  method,  showing 
the  extraordinary  difference  of  4.55  per  cent.  The  physical 
tests  of  the  cements  showing  these  high  differences  indicated 
marked  inferiority. 

The  paper  was  discussed  by  Messrs.  Buck,  Hart,  Louder,  and 
others. 

Dr.  Joseph  W.  Richards  presented  papers  on  **  A  Portable 
Specific  Gravity  Apparatus,"  and  on  **A  New  Form  of  Button 
Scale  for  Use  in  Quantitative  Blowpipe  Analysis."  Dr.  Richards 
traced  the  development  of  each  apparatus  from  its  earliest  fonn 
and  exhibited  the  latest  products  of  his  researches.  The  new 
specific  gravity  apparatus  has  an  accuracy  of  o.i  to  0.2,  is  of 
a  convenient  form  for  transportation,  and  can  be  used  also 
as  a  hydrometer  for  liquids  a  little  lighter  or  a  little  heavier  than 
water.  The  button  scale  which  Dr.  Richards  had  made  in  ac- 
cordance with  his  latest  ideas  is  far  in  advance  of  the  older  forms 
in  point  of  accuracy,  and  has  a  distinct  advantage  in  the  very 
small  liability  to  get  out  of  order. 

The  papers  were  discussed  by  Messrs.  Shimer,  Ullmanand  Hart. 

Mr.  Richard  K.  Meade  exhibited  an  ingenious  form  of  appa- 
ratus for  the  violent  agitation  of  solutions  during  the  passage  of 
hydrogen  sulphide  or  other  gases. 

On  motion,  the  meeting  adjourned. 

Bbrnard  Enright,  Secretary. 


NOTICE. 

Hereafter  the  regular  monthly  meetings  of  the  New  York  Sec- 
tion will  be  held  in  the  Assembly  Hall  of  the  Chemists'  Club, 
108  W.  55th  Street,  and  the  dates  will  be  March  lo,  April;, 
May  5,  and  June  9.     All  chemists  are  invited  to  attend. 


Issued  with  March  Number,  1899. 


Proceedings, 


COUNCIL. 

The  following  Committee  on  Patent  and  Related  Legislation 
has  been  appointed,  in  accordance  with  the  vote  of  the  Council 
at  the  New  York  Meeting : 

Charles  E.  Munroe,  Washington,  D.  C,  Chairman, 

C.  Chauncey  Parsons,  Brooklyn,  N.  Y.,  Secretary, 

William  McMurtrie,  N.  Y.  City.. 

Durand  Woodman,  N.  Y.  City. 

W.  H.  Nichols,  N.  Y.  City. 

T.  B.  Steams,  Jersey  City,  N.  J. 

E.  G.  Love,  N.  Y.  City. 

A.  D.  Little,  Boston,  Mass. 

S.  P.  Sharpies,  Boston,  Mass. 

S.  P.  Sadder,  Philadelphia. 

A.  M.  Todd,  Kalamazoo,  Mich. 

Henry  Carmichael,  Boston,  Mass. 

William  Hoskins,  Chicago,  111. 

W.  B.  Rising,  Berkeley,  Cal. 

E.  D.  Pearce,  Providence,  R.  I. 

Joseph  W.  Richards,  Bethlehem,  Pa. 

J.  T.  McGill,  Nashville,  Tenn. 

N.  P.  Hill,  Denver,  Colo. 

H.  B.  Hodges,  Long  Island  City,  N.  Y. 

William  P.  Mason,  Troy,  N.  Y. 

L.  P.  Kinnicutt,  Worcester,  Mass. 

8.  A.  Lattimore,  Rochester,  N.  Y. 

C.  H.  Herty,  Athens,  Ga. 

J.  L.  Fuelling,  Chicago,  111. 

Isaac  Adams,  Annisquam,  Mass. 

NAMES  PROPOSED   FOR   MEMBERSHIP. 

Alway,  P.  J.,  Wesleyan  Univ.,  University  Place,  Nebr. 
Atkinson,  J.  W.,  Santa  Maria,  Cal. 

Bigelow,  Henry  W.,  care  of  Pope  Mfg.  Co.,  Hartford,  Conn. 
Bigelow,  Samuel  L.,  Univ.  of  Mich.,  Ann  Arbor,  Mich. 
Curtis,  Marvin,  123  California  St.,  San  Francisco,  Cal. 
Divine,  Robert  E.,  75  Niagara  St.,  Buffalo,  N.  Y. 
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Goldstein,  Harris,  15  Montgomery  St.,  Manhattan,  N.Y.  City. 

Greenberg,  Benjamin  C,  67  E.  3d  St.,  N.  Y.  City. 

Gross,  Abraham,  Duquesne  Chem.  Lab.,  Duquesne,  Pa. 

Hartzell,  Harry  S.,  22  N.  8th  St.,  Allentown,  Pa. 

Haskins,  Henri  D.,  Amherst,  Mass. 

Haywood,  W.  G.,  State  Chemist's  Office,  Raleigh,  N.  C. 

Hess,  William  H.,  721  E.  Huron  St.,  Ann  Arbor,  Mich. 

Kelly,  F.  G.,  State  Chemist's  Office,  Raleigh,  N.  C. 

Kumler,  Albert  A.,  Odd  Fellows'  Temple,  7th  and  Elm  Sts., 
Cincinnati,  Ohio. 

Priest,  George  W.,  Watertown,  Mass. 

Ragland,  Chas.  D.,  Ashland,  Va. 

Shaw,  H.  I.,  Gilt  Edge,  Mont. 

Snyder,  Oscar  J.,  Room  23,  Y.  M.  C.  A.  Building,  Minneapo- 
lis, Minn. 

Stephens,  W.  B.,  Care  Stephens  &  Bro.,  Marshall  Ave.,  Cin- 
cinnati, O. 

TurnbuU,  Davis  F.,  34  India  St.,  Boston,  Mass. 

Tutwiler,  Carrington  C.,  14  Bank  St.,  Philadelphia,  Pa. 

Van  Dyck,  Edwin  M.,  4  Iowa  Circle,  Washington,  D.  C. 

Wiechmann,  F.  G.,  771  West  End  Ave.,  Manhattan,  New 
York  City. 

NAMES  PROPOSED   FOR  ASSOCIATE   MEMBERSHIP. 

Bates,  Hugh  H.,  502  E.  3d  St.,  Cincinnati,  O. 
Edgar,  Wm.  H.,  29  Rialto  Bldg.,  Chicago,  111. 
Fry,  Harry  S.,  Pleasant  Ridge,  Cincinnati,  O. 
Keiser,  Miss  Marshall,  Hotel  Avenel,  Fort  Thomas,  Ky. 
Kendall,  Arthur  I.,  338  Broadway,  Somerville,  Mass. 

CHANGES  OF  ADDRESS. 

Barlow,  W.  H.,  Pasadena,  Cal. 

Brackett,  E.  R.,  47  Jackson  St.,  Lawrence,  Mass. 

Busby,  Fred.  E.,  Adams,  Mass. 

Cambier,  Jacob,  910  Spruce  St.,  Pueblo,  Colo. 

Cook,  A.  D.,  State  Agr.  Expt.  Sta.,  Geneva,  N.  Y. 

Crumbie,  W.  D.,  146  Washington  St.,  E.  Orange,  N.'J. 

Dortch,  Fred  W.,  Scott,  Ark. 

Doscher,  Henry,  122  E.  37th  St.,  N.  Y.  City. 

Fuller,  Geo.  W.,  Court  and  Martin  Sts., -Cincinnati,  Ohio. 

Hayes-Campbell,  J.,  Care  Amer.  Pipe&  Foundry  Co.,  Besse- 
mer, Ala. 

Johnson,  Geo.  A.,  Court  and  Martin  Sts.,  Cincinnati,  Ohio. 

Lippincott,  Warren  B.,  Care  C.  K.  C.  S.  &  R.  Co.,  Argentine, 
Kan. 

Pickel,  J.  M.,  West  Raleigh,  N.  C. 
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Pope,  C.  W.,  Room  14,  220  Devonshire  St.,  Boston,  Mass. 
Starke,  F.  W.,  1853  N.  28th  St.,  Philadelphia,  Pa. 
Stebbins,  J.  H.,  Jr.,  80  Madison  Ave.,  N.  Y.  City. 
Trubek,  M.,  26  E.  104th  St.,  N.  Y.  City. 
Wallenstein,  Florian,  Oranienburgerstrasse  28,  Berlin  N,  Ger- 
many. 

Waller,  Elwyn,  159  Front  St.,  N.  Y.  City. 


MEETINGS  OF  THE  SECTIONS. 

CHICAGO  SECTION. 

The  January  meeting  of  the  Chicago  Section  was  held  at  the 
Technical  Club,  Thursday,  the  26th.  After  the  usual  dinner, 
Professor  Felix  Lengfeld ,  of  the  University  of  Chicago,  presented  a 
very  interesting  paper  on  **Some  Recent  Problems  of  Inorganic 
Chemistry."  He  gave  a  sketch  of  recent  investigations  along, 
and  opportunities  for  research  in,  such  lines  as  the  new  elements, 
carbides,  nitrides  and  other  derivatives  of  nitrogen,  hydrides,  the 
nature  of  oxidation,  alloys,  the  precipitation  of  metals  by  metals, 
etc. 

Dr.  J.  H.  Long  followed  with  an  account  of  the  winter  meet- 
ing of  the  American  Chemical  Society  in  New  York. 

p.  B.  DAIN8,  Secretary. 
WASHINGTON    SECTION. 

The  regular  meeting  of  the  Washington  Section  was  held  on 
January  12,  1899. 

The  first  paper  of  the  evening  was  read  by  Dr.  E.  A. 
deSchweinitz,  and  was  entitled  **The  Serum  Treatment  of  Some 
Animal  Diseases." 

In  this  paper  the  author  gave  a  general  review  of  the  work 
begun  in  1890  in  the  study  of  the  substances  secreted  by  the  hog 
cholera  and  the  swine  plague  germ  in  relation  to  immunity.  He 
further  pointed  out  the  production  of  an  enzyme  by  the  hog 
cholera  and  other  allied  germs,  and  their  importance  in  produ- 
cing, in  animals,  immunity  to  disease.  From  this  point  the  work 
was  extended  to  a  study  of  the  serum  obtained  from  animals  that 
had  been  immunized  to  disease,  and  this  was  found  to  contain 
an  immunizing  principle  and  exerted  curative  properties  upon 
experimental  animals  affected  with  hog    cholera    and    swine 


(32) 

plague,  respectively.  Following  these  experiments,  practical 
work  has  been  carried  out  in  the  field  for  several  years,  with  very 
satisfactory  results.  The  treatment  with  serum  was  found  to 
save  about  eighty  per  cent,  of  infected  herds,  while  in  those 
herds  not  treated  which  served  as  checks  the  loss  from  disease  was 
over  eighty  per  cent. 

In  practical  work  in  the  field  it  is  difficult  to  decide  often, 
whether  the  animals  are  suffering  from  either  hog  cholera  or 
swine  plague  alone,  or  both  of  these  diseases.  To  overcome 
this  difficulty  it  has  appeared  advisable  to  use  a  curative  serum 
for  one  of  these  diseases  mixed  with  a  curative  serum  for  the 
other.  For  protective  vaccination  it  appears  advisable  to  use 
in  addition  to  the  serum,  the  products  of  the  bacteria  as  well  as 
their  cell  contents,  including  the  products  of  the  secretion  or 
excretion. 

The  second  paper  of  the  evening  was  read  by  Dr.  F.  K. 
Cameron,  and  was  entitled,  **On  the  Estimation  of  Nicotine," 
by  E.  A.  de  Schweinitz,  J.  A.  Emory,  and  F.  K.  Cameron. 

This  paper  described  a  critical  examination  of  the  analytical 
methods  so  far  proposed,  and  with  special  reference  to  the 
so-called  **  Kissling  method.*'  Attempts  to  devise  a  satisfactory 
method  were  made,  by  the  formation  of  double  salts  with  metal- 
lic compounds ;  precipitation  of  an  addition  compound  with 
bromine  or  iodine ;  precipitation  with  picric  acid ;  precipitation 
with  phosphomolybdic  or  phosphotungstic  acid ;  decomposition 
of  accompanying  amines  by  nitrous  acid ;  decomposition  of  these 
compounds  with  hypochlorous  or  hypobromous  acid ;  separation 
of  the  ammonia  as  oxalate  by  addition  of  alcohol.  The  results 
were  summed  up  as  follows  : 

I.  The  so-called  **  Kissling  method '  *  was  to  be  regarded  as 
the  best  so  far  proposed.  For  the  estimation  of  nicotine  in 
tobacco  leaves  or  powders  it  may  be  regarded  as  satisfactory, 
but  its  application  to  tobacco  extracts  yields  very  unreliable 
results. 

II.  A  complete  extraction  of  nicotine  by  ether  and  some  other 
solvents  is  readily  accomplished. 

III.  An  evaporation  of  an  ether  extract  will  afford  a  practi- 
cable separation  from  ammonia  alone,  but  not  from  other  organic 
bases. 
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IV.  A  complete  separation  by  distillation  with  steam,  is  much 
more  difficult  than  is  usually  supposed.  Certain  deviations 
from  the  usual  practice  were  suggested. 

V.  No  method  involving  the  precipitation  of  the  nicotine  in 
an  insoluble  compound  has  been  found  practicable. 

VI.  No  method  involving  the  decomposition  of  accompany- 
ing compounds  has  been  found  practicable. 

VII.  The  presence  of  tertiary  amines,  and  probably  some 
pyridine  derivatives  in  tobacco  extracts,  is  as  yet  an  insur- 
mountable obstacle  in  the  separation  or  estimation  of  nicotine. 

Finally  it  is  to  be  observed  that  nicotine  does  not  yield  a 
nitroso-compound.  It  comports  itself  as  a  tertiary  amine.  Its 
separation  from  ammonia,  primary  ^nd  secondary  amines,  can 
be  more  or  less  readily  accomplished  by  the  adaptation  of  well- 
known  general  methods.  Its  separation  from  tertiary  bases  must 
be  dependent  on  the  discovery  of  some  accidental  physical  or 
chemical  property  of  the  substances  involved,  which  cannot  be 
predicated  from  known  general  principles.  It  would  seem  that  a 
satisfactory  solution  of  the  problem  is  dependent  on  some  possi- 
ble empirical  relation,  and  it  is  in  this  direction  that  further 
investigation  is  indicated  ;  but  it  is  to  be  hoped  that  a  more 
profound  study  of  nicotine  itself  will  yield  satisfactory  evidence 
as  to  its  true  nature,  and  from  the  knowledge  thus  gained,  the 
problem  before  the  analyst  may  not  be  so  aimless  or  complicated 

as  it  now  seems.  William  H.  Kruo,  Secretary. 

NEW  YORK  SECTION. 

The  January  meeting  of  the  New  York  Section  of  the  Amer- 
ican Chemical  Society  was  held  on  Friday  evening,  the  13th,  in 
the  Assembly  Hall  of  the  Chemists*  Club.  108  West  55th  street. 
Dr.  William  McMurtrie  presiding. 

An  arrangement  for  holding  the  meetings  of  the  society  regu- 
larly in  the  club  building  was  announced  and  ratified  by  unani- 
mous vote.  Reports  were  made  showing  that  the  funds  con- 
tributed for  the  expenses  of  the  midwinter  meeting  had  been 
sufficient ;  that  the  library  had  been  moved  to  the  club-rooms, 
where  it  was  undergoing  classification  and  arrangement,  and 
that  the  resident  membership  had  reached  100,  and  the  non- 
resident nearly,  if  not  quite,  as  many  more. 
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The  following  papers  were  read:  ** Determination  of  the 
Bromine  Absorption  of  Fats,**  by  P.  C.  Mcllhiney  ;  **  Indica- 
tors/* by  John  Waddell ;  **  Exhibition  of  Apparatus  for  Wash- 
ing Precipitates,  etc.,**  by  W.  D.  Home. 

Mr.  Mcllhinev  recommends  the  bromine  number  instead  of 
the  iodine  number  for  identifying  oils  and  fats,  on  account  of 
the  greater  rapidity  of  reaction,  greater  stability  of  the  bromine- 
carbon-tetrachloride  solution,  both  before  and  during  use,  and 
the  want  of  differentiation  by  iodine  between  addition  and  sub- 
stitution compounds  in  the  reaction. 

Mr.  Waddell  showed  some  very  pretty  experiments,  illustra- 
ting the  behavior  of  indicators,  and  explanatory  of  their  adapta- 
bility to  acid  or  alkaline  reaction,  according  to  their  respective 
constitution. 

Phenolphthalein,  a  weak  acid,  reacts  red  by  dissociation  in 
presence  of  a  strong  alkali ;  in  presence  of  ammonia  and  alcohol 
the  reaction  may  be  restrained  and  again  developed  by  addition 
of  water.  Methyl  orange,  cyanine,  and  corralline  were  simi- 
larly demonstrated. 

A  letter  was  read  from  the  general  secretary  stating  that  *'  at 
the  closing  session  of  the  midwinter  meeting  at  Columbia  Uni- 
versity, December  28,  by  unanimous  vote,  the  cordial  thanks  of 
the  Society  were  extended  to  the  New  York  Section  for  the 
bountiful  hospitalities  of  the  section,  which  were  so  heartily 
enjoyed  by  the  members  of  the  society  during  the  eighteenth 
general  meeting.  durand  woodmak.  5m/tff7. 


The  February  meeting  was  held  in  the  Assembly  Room  of 
the  Chemists*  Club,  108  West  55th  Street,  Friday  evening,  the 
loth.  Dr.  William  McMurtrie  in  the  chair. 

The  secretary  being  absent,  Mr.  Seldner  was  appointed  sec- 
retary,/rt?  iem. 

A  communication  from  the  Washington  Section  was  read  in 
reference  to  conferring  with  the  Chemical  Society  of  London,  as 
to  the  feasibility  of  the  separate  publication  of  their  abstracts 
after  the  manner  of  the  Chemisches  Centralblati^  the  preparation 
of  which  should  be  undertaken  by  both  societies  conjointly. 

The  section  voted  in  favor  of  the  project. 
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A  report  of  the  Committee  on  Patent  Legislation  recommended 
continuation  of  the  present  committee  and  its  increase  from 
five  to  ten  members,  the  additional  members  to  be  appointed  by 
the  chair.  Dr.  Smith  moved  acceptance  of  the  report  and 
adoption  of  its  recommendations.     The  motion  was  carried. 

Papers  were  read  as  follows : 

'*  Recent  Extension  of  Our  Knowledge  Regarding  Nitrates  as 
Plant  Food,"  by  J.  A.  Myers. 

"  Method  for  the  Analysis  of  Canned  Condensed  Milk,**  by 
Frederick  S.  Hyde. 

**  Manufacture  of  Ether,"  by  Alfred  Roos. 

'*  Manufacture  of  a  New  Guaiacol  Compound,"  by  Ludw^ig 
H.  Renter. 

**Explosibility  of  Nitrogen  Iodide  and  Acetylene  Copper 
Compounds  and  the  Use  of  the  Latter  for  the  Manufacture  of 
Alcohol  and  Ether,"  by  Ludwig  H.  Renter. 

'*  Chemistry  of  the  Dynamite  Process  of  Weighting  Silk,*'  by 
Rafael  Granja. 

'*  The  Chemistry  of  the  Velocitan  Process — Quick  Tanning,** 
by  Rafael  Granja. 

*' Melting-Point  as  a  Cyclic  Function,**  by  Thomas  Bayley, 
England.     Read  by  title. 

Abstract  from  minutes  of  R.  Seldner,  Secretary  pro.  tern, 

DURAND  Woodman,  Secretary. 
NORTH  EASTERN  SECTION. 

The  regular  monthly  meeting  of  the  North  Eastern  Section  was 
held  February  17th  at  the  Exchange  Club,  Boston.  About  6fty 
members  were  in  attendance.  The  secretary's  report  was  read 
and  approved.  A  letter  was  read  from  the  secretary  of  the  Wash- 
ington Section  asking  for  action  on  a  resolution  adopted  by  that 
section.  In  accordance  with  this  request  the  question  was  placed 
before  the  section  and  it  was  unanimously  voted  to  recommend 
to  the  council  to  provide  for  a  conference  with  the  Chemical  So- 
ciety of  London  as  to  the  feasibility  of  the  separate  publication 
of  their  abstracts  after  the  manner  of  the  Chemisches  Centralblatt^ 
the  preparation  of  these  abstracts  to  be  undertaken  by  both  socie- 
ties conjointly. 
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The  president  then  introduced  Mr.  Clifford  Richardson  of  the 
Barber  Asphalt  Paving  Co.,  who  presented  an  interesting  and 
comprehensive  address  on  asphalt.  The  speaker  described  the 
various  sources  of  asphalt,  the  peculiar  geological  formations 
connected  with  them,  and  gave  particular  attention  to  the  Trin- 
idad asphalt  lake,  describing  experiments  made  to  ascertain  its 
depth,  composition,  rapidity  of  inflow,  and  the  like.  The  chem- 
ical composition  of  the  bitumen  was  also  considered  in  some  de- 
tail. A  lengthy  discussion  followed  the  paper,  and  a  vote  of 
thanks  was  extended  to  the  speaker. 

Professor  H.  P.  Talbot  then  presented  a  criticism  of  Camot*s 
**  Traite  d  'Analyse,'*  a  new  work  on  analytical  chemistry',  to 
consist,  when  complete,  of  three  volumes  of  a  thousand  pages 
each. 

Professor  L.  P.  Kinnicutt  called  the  attention  of  the  members 
to  a  new  form  of  compound  blowpipe  of  neat  design.  He  also 
described  the  form  of  apparatus  devised  by  Dr.  G.  W.  Fitz,  of 
Harvard  College,  to  be  used  for  the  determination  of  carbon  di- 
oxide in  the  air.  The  simplicity  of  the  apparatus  and  of  its  ma- 
nipulation makes  it  available  for  the  use  of  inexperienced  per- 
sons. According  to  the  work  of  some  of  Professor  Kinnicutt's 
students,  the  accuracy  of  the  results  obtained  with  it  leave  little 
to  be  desired. 

Mr.  A.  D.  Little  exhibited  two  samples  of  artificial  silk,  one 
made  from  nitrocellulose  and  the  other  from  ordinary  glue  treated 
with  formaldehyde.  The  processes  of  manufacture  were  also 
described.  Mr.  Little  also  presented  some  samples  of  photo- 
graphic dyeing  of  cotton  cloth.  The  cloth  was  sensitized  with 
a  bichromate  solution,  was  exposed  in  the  usual  way  beneath  a 
negative,  and  the  prints  were  developed  by  the  use  of  various  or- 
ganic dyes. 

After  the  adjournment  of  the  meeting  an  informal  lunch  was 

served.         ,  W.R.WmrifZY,  secretary. 


Issued  with  April  Number,  1899. 

Proceedings. 

BOARD  OF  DIRECTORS. 

MINUTES   OP   THE    MEETING  OF  THE    BOARD  OF  DIRECTORS   OF 

THE  AMERICAN  CHEMICAL  SOCIETY. 

The  meeting  was  held  in  the  Chemists'  Club,  io8  W.  55th 
St.,  New  York  City,  Friday  evening,  March  10,  1899.  The 
meeting  was  called  to  order  at  7.40  p.  M.,  by  President  Morley. 
The  directors  present  were  Messrs.  Morley,  Chandler,  Hale, 
McMurtrie,  and  Doremus.  The  secretary  read  a  telegram  from 
Dr.  Charles  B.  Dudley,  director,  regretting  his  inability  to  be 
present,  on  account  of  the  illness  of  two  of  his  assistants. 

Minutes  of  previous  meetings  were  approved  as  recorded. 
The  following  resolutions  were  adopted  : 

1.  Resolved,  That  Albert  C.  Hale,  secretary,  and  Charles  F. 
McKenna,  treasurer,  and  their  successors  in  office,  shall  have 
the  right  of  access  to  the  safe  (No.  13,580)  in  the  vaults  of  the 
Mercantile  Safe  Deposit  Company,  standing  in  the  name  of  this 
society. 

2.  Resolved,  That  the  secretary  of  the  society  be  directed  to 
move  that  the  motion  of  Dr.  Hillebrand  with  reference  to  the 
question  of  appointing  a  committee  to  communicate  with  the 
Chemical  Society  of  London  in  regard  to  the  matter  of  publish- 
ing abstracts,  be  referred  to  the  Committee  on-  Abstracts  and 
Reviews  which  was  appointed  by  the  directors  at  their  meeting 
held  October  7,  1897  ;  that  this  Committee  be  increased  to  five 
members  by  appointment  by  the  president  of  the  society  ;  and 
that  said  Committee  be  instructed  to  investigate  the  matter  men- 
tioned in  Dr.  Hillebrand 's  motion,  and  to  report  to  the  council 
as  promptly  as  possible. 

3.  Resolved,  That  bids  for  printing  and  binding  3,000  copiesof 
the  index  of  the  first  twenty  volumes  of  the  Journal,  prepared 
by  Mr.  M.  D.  Sohon,  be  obtained  by  the  secretary  of  the  society, 
and  that  he  be  authorized  to  let  the  work  to  the  lowest  bidder 
who  will  give  sufficient  assurance  that  it  will  be  done  satisfac- 
torily, in  uniform  style  with  the  printing  and  |binding  of  the 
Journal. 

Resolved,  further,  that  a  copy  of  the  index  be  furnished  to 
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each  member  of  the  society,  if  desired,  for  fifty  cents  ($0.50), 
and  that  the  price  of  the  index  to  non-members  be  fixed  at  sev- 
enty-five cents  {I0.75)  per  copy. 

4.  Resolved,  That  the  sum  of  two  hundred  dollars  ($200)  be, 
and  the  same  is  hereby  appropriated  and  payable  to  the  treasurer 
of  the  society  for  the  expenses  of  his  office  during  the  year  1899. 

5.  Resolved,  That  the  investment  of  the  sum  of  one  thousand, 
one  hundred  and  sixteen  dollars  and  ninety-eight  cents 
($1,116.98)  in  purchasing  a  $1,000  New  York  City  3^  per  cent. 
gold  bond,  at  1 10}  and  .  accrued  interest,  for  the  benefit  of  the 
Life  Membership  Fund,  as  made  by  the  treasurer  after  consulta- 
tion with  the  Finance  Committee  and  those  of  the  directors  wlio 
were  accessible,  be  and  the  same  is  hereby  authorized  and 
approved  by  the  board  of  directors. 

6.  Resolved,  That  in  accordance  with  the  request  of  the  treas- 
urer, Charles  F.  McKenna,  his  accounts  and  his  management  of 
the  funds  of  the  society  during  the  whole  period  of  his  service  as 
treasurer  be  examined  and  audited  by  the  Finance  Committee  of 
the  society. 

After  a  brief  statement  of  the  present  condition  of  the  treasury 
by  Mr.  McKenna,  the  meeting  was  adjourned. 

Albert  C.  Halb,  Secretary, 

COUNCIL. 

The  council  has  voted  that  the  next  meeting  be  held  at 
Columbus,  Ohio,  August  21  and  22,  1899,  in  connection  with 
the  session  of  section  C  of  the  American  Association  for  the 
Advancement  of  Science. 

The  following  officers  haye  been  elected  by  the  council  for  the 
term  specified  : 

Albert  C.  Hale,  secretary,  for  the  year  1899. 

Edward  Hart,  editor,  for  the  year  1899. 

Charles  F.  McKenna,  treasurer,  for  the  year  1899. 

Marston  Taylor  Bogert,  librarian,  for  the  year  1899. 

Charles  B.  Dudley  and  Charles  A.  Doremus,  directors,  for 
two  years  beginning  January  i,  1899. 

Charles  A.  Doremus,  A.  A.  Breneman,  and  Peter  T.  Austen, 
Committee  on  Membership,  for  the  year  1899. 

A.  H.  Sabin,  A.  P.  Hallock,  and  Elwyn  Waller,  Committee 
on  Finance,  for  the  year  1899. 
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NAMBS  PROPOSBD  FOR  MBMBERSHIP. 

Bigelow,  Henry  W.,  care  Pope  Mfg.  Co.,  Hartford,  Conn. 

Cady,  Walter  B.,  Agr.  Kxpt.  Sta.,  Columbia,  Mo. 

Campbell,  Archibald,  639  So.  12th  St.,  Ann  Arbor,  Mich. 

Du  Vivier,  Ernest  H.,  22  Warren  St.,  N.  Y.  City. 

Divine,  Robert  E.,  75  Niagara  St.,  Buffalo,  N.  Y. 

Petterman,  John  C.,  Western  Univ.  of  Pa.,  Allegheny,  Pa. 

Goddard,  Henry  N.,  Oshkosh,  Wis. 

Haywood,  W.  G.,  State  Chemist's  Office,  Raleigh,  N.  C. 

Humphrey,  Richard  L.,  City  Hall,  Philadelphia,  Pa. 

Jones,  Frederick  W.,  Barwick  Rd.,  Ware,  Herts,  England. 

Lawson,  Thomas  W.,  care  Baltimore  Copper Sm.  &  Ref.  Co., 
Keyser  Bldg.,  Baltimore,  Md. 

Levine,  Edmund  J.,  340  W.  88th  St.,  N.  Y.  City. 

Lihme,  C.  B.,  care  111.  Zinc  Co.,  Peru,  111. 

Morton,  Cora,  Main  Ave.,  Norwood,  Hamilton  Co.,  O. 

Ritchey,  J.  C,  506  Washington  St.,  Steubenville,  O. 

Roberts,  W.  H.,  City  Hall,  Minneapolis,  Minn. 

Snyder,  Oscar,  J.,  Room  23,  Y.  M.  C.  A.  Bldg.,  Minneapolis, 
Minn. 

Stevens,  Alviso  B.,  915  Oakland  Ave.,  Ann  Arbor,  Mich. 

Weissmann,  221  Molitor  St.,  Cincinnati,  O. 

Wetterstroem,  Theodore  D.,  Spring  Grove  Ave.  and  Copper 
St.,  Cincinnati,  O. 

NAMB  PROPOSBD  FOR  ASSOCIATB  MBMBBRSHIP. 

Goldstein,  Harris,  15  Montgomery  St.,  Manhattan,  N.  Y.  City. 

NBW  MBMBBRS  BLBCTBD  MARCH  2,  1899. 

Aylsworth,  J.  W.,  165  Cleveland  St.,  Orange,  N.  J. 
Baxter,  William  T.,  47  St.  Felix  St.,  Brooklyn,  N.  Y. 
Banghart,  Edgar  D.,  Wymore,  Nebr. 

Bradbury,  Robert  Hart,  Central  M.  T.  School,  Philadelphia. 
Brewster,  Edward  E.,  316  East  C  St.,  Iron  Mountain,  Mich. 
Hamilton,  H.  C,  637  Baker  St.,  Detroit,  Mich. 
Hardenburgh,  Louis  M.,  Iron  Mountain,  Mich. 
Hazard,  F.  R.,  Solvay  Process  Co.,  Syracuse,  N.  Y. 
Horton,  E.  G.,  Lab.  State  Board  of  Health,  Columbus,  O. 
Kendall.  Robert  Everett.  96  Warren  St.,  Glens  Falls,  N.  Y. 
Koch,  Charles  F.,  2334  Ashland  Ave.,  Cincinnati,  O. 
Lamar,  William  Robinson,  55  W.  127th  St.,  N.  Y.  City. 
Lambom,  Leebert  L.,  care  Curtis  Davis  &  Co.,  136  State  St., 
Boston,  Mass. 

Lee,  Waldemar,  2802  W.  Lehigh  Ave.,  Philadelphia,  Pa. 
Linton,  J.  H.,  3012  Wabash  Ave.,  Chicago,  111. 
McCay,  Leroy  Wiley,  Princet  jn,  N.  J. 
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Neiman,  Howard  S.,  8  E.  97th  St.,  N.  Y.  City. 
Porter,  Arthur  F.,  143  Lexington  Ave.,  N.  Y.  City. 
Rippetoe,  J.  J.,  Vallejo,  Cal. 
Rogers,  Allen,  Univ.  of  Maine,  Orono,  Me. 
Schober,  W.  B.,  Lehigh  Univ.,  South  Bethlehem,  Pa. 
Spieler,  Augustus  J.,  Syracuse,  N.  Y. 
Street,  John  Phillips,  New  Brunswick,  N.  J. 
Wiener,  William,  62^-  Nelson  Place,  Newark,  N.  J. 
Wilkens,  H.  A.  J.,  care  N.  J.  Zinc  Co.,  52  Wall  St.,  N.  Y. 
City. 

Witherspoon,  Thomas  A.,  27  Iowa  Circle,  Washington,  D.  C. 

ASSOCIATES  BISECTED  MARCH  2,   1899. 

Cayvan,  Llewellyn  L.,  660  Sixth  Street,  South  Boston,  Mass. 
Driehaus,  Irwin  W.,  Madisonville,  O. 
Fetsch,  William,  2530  W.  6th  St.,  Cincinnati,  O. 
Hildreth,  Edward  T.,  87  University  Road,  Brookline,  Mass. 
Ripley,  Philip  F.,  Andover,  Mass. 

Russell,  George  F.,  care  Russell  Paper  Co.,  Lawrence,  Mass. 
Young,  Charlotte  S.,  Mt.  Hope  Road«  Price  Hill,  Cincinnati, 
Ohio. 

CHANGES  OP  ADDRESS. 

Austen,  Peter  T.,  52  Beaver  St.,  N.  Y.  City. 

Axtell,  Frank  C,  Box  116,  Short  Hills,  N.  J. 

Aylsworth,  J.  W.,  223  Midland  Ave.,  East  Orange,  N.  J. 

Culmann,  Julius,  Barrett  House,  Engle  St.,  Englewood,  N.  J. 

De  Benneville,  James  S.,  University  Club,  1510  Walnut  St., 
Philadelphia,  Pa. 

Lustig,  A.  L.,  Care  Lexington  Print  Works,  Canton,  Mass. 

Mallory,  J.  Halsey,  Care  Georgia  Cotton  Oil  Co.,  409  Fitten 
Bldg.,  Atlanta,  Georgia. 

Miller,  P.  Schuyler,  Mt.  Prospect  Lab.,  Flatbush  Ave., 
Brooklyn,  N.  Y. 

Wilder,  S.  W.,  Jr.,  13  Pearl  St.,  Boston,  Mass. 


MEETINGS  OF  THE  SECTIONS. 

WASHINGTON    SECTION. 

The  regular  meeting  of  the  Washington  Section  was  held  on 
February  9,  1899. 

The  first  paper  of  the  evening  was  read  by  Mr.  F.  D.  Simons, 

and  was  entitled,  '*  The  Detection  of  Caramel  Coloring-matter 

in  Spirits  and  Vinegar,*'  by  C.  A.  Crampton  and  F.  D.  Simons. 

**The  paper  states  that  the  two  principal  tests  given  in  the 
books  for  the  detection  of  caramel  coloring-matter  are,  first,  the 
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reduction  of  Feliling*s  solution,  and  second,  the  precipitation  of 
the  caramel  by  means  of  paraldehyde.  Neither  of  these  tests 
has  given  satisfactory  results  in  the  hands  of  the  authors. 

''It  was  found  that  fuller's  earth  had  a  selective  affinity  for 
caramel  coloring- matter  in  spirits,  while  the  natural  color  de- 
rived from  wood  was  but  slightly  affected.  The  test  is  made  by 
beating  up  twenty-five  grams  of  tne  earth  with  fifty  cc.  of  the 
sample  to  be  tested,  allowing  it  to  stand  thirty  minutes  at  room 
temperature,  and  filtering.  The  color  before  and  after  treat- 
ment is  observed  by  Lovibond's  tintometer  or  other  good  form  of 
colorimeter,  and  the  amount  of  color  removed  ascertained  in  this 
way. 

**  The  test  was  applied  to  all  the  samples  of  spirits  available 
in  the  Laboratory  of  Internal  Revenue,  positive  results  being 
obtained  in  all  cases.  A  series  of  forty  samples  known  to  be 
naturally  colored,  gave  an  average  of  14.6  per  cent,  of  color  re- 
moved, while  eighteen  samples  of  the  spirits  known  to  be  colored 
with  caramel  averaged  44.7  per  cent,  of  color  removed.  The 
test  was  also  applied  to  a  few  samples  of  vinegar  with  good 
results." 

The  second  paper  of  the  evening  was  read  by  Dr.  David  T. 

Day,  and  was  entitled  '*  Characteristics  of  Iridosmium  in  the 

United  States.'' 

''  A  demand  has  lately  arisen  for  this  material  as  a  source  of 
osmium,  with  which  it  is  proposed  to  impregnate  the  filaments 
of  incandescent  lights  with  most  beneficial  results,  as  to  the 
amount  of  light  supplied  by  a  given  current  and  the  increased 
life  of  the  lamp.  The  problem  of  supplying  a  large  amount  of 
osmiridium  is  a  most  fascinating  one  and  has  led  to  much  study 
in  the  localities  of  the  West  where  platinum  metals  have  been 
found.  The  results  show  that  platinum  is  much  more  generally 
distributed  through  the  western  placer  mines  than  was  supposed 
and  that  there  are  many  localities  containing  so-called  crude 
platinum,  in  which  osmiridium  is  found.  A  sample  sent  from 
the  Oregon  beach  contained  as  high  as  ninety-nine  per  cent,  of 
osmiridium.  The  Hay  Fork  District,  in  Trinity  County,  Cali- 
fornia, Junction  City,  and  more  especially  the  whole  Pacific 
Coast  beach  is  a  most  interesting  field  of  search,  because  the 
platinum  is  mixed  with  much  osmiridium.  It  can  be  said  in 
general  that  nearly  all  the  crude  platinum  sand  contains  osmirid- 
ium in  greater  or  less  quantity,  according  to  the  analyses  of  a 
great  numberof  samples  made  by  Dr.  Waldron  Shapleigh  for  the 
Welsbach  Light  Company.  An  interesting  exception  is  the 
Granite  Creek  district  in  British  Columbia.  A  curious  form  of 
osmiridium  was  noted  at  the  Chapman  Mine,  near  Junction  City, 
California,   where  nuggets    one-half  inch   in   diameter,   when 
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treated  with  warm  dilute  aqua  regia,  yield  platinum  in  solution, 
and  flakes  of  osmiridium.  The  separation  of  the  platinum  from 
osmiridium  is  readily  accomplished  by  means  of  aqua  regia  and 
the  separation  of  osmic  acid  from  the  residue  is  quite  simple  by 
the  ordinary  process  of  passing  chlorine  over  the  osmiridium 
mixed  with  salt.  The  purification  of  the  osmic  acid  is-  now 
effected  by  redistillation,  but  it  is  probable  that  these  methods 
will  be  much  improved  in  the  next  few  months.  It  is  probable 
that  2,000  ounces  of  the  material  will  be  obtained  during  1899." 

The  last  paper  of  the  evening  was  read  by  Dr.   Day,  and  was 

entitled  **  Uses  of  Fuller's  Earth  as  a  Filtering  Medium." 

**  In  1892  an  effort  was  made  by  the  Owl  Cigar  Manufacturing 
Company,  at  Quincy.  Florida,  to  manufacture  brick  from  a  pecul- 
iar cream-colored  clay  found  on  their  property.  Instead  of 
baking  hard,  it  exfoliated  in  a  peculiar  manner  and  caused  some 
comment  from  an  Alsatian  cigar-maker  in  the  employ  of  the  com- 
pany, who  noticed  this  clay  and  called  attention  to  its  close 
resemblance  to  German  fuller's  earth.  This  led  to  an  inquiry  as 
to  its  value  as  fuller's  earth,  at  a  time  when  the  lubricating  oil 
companies  were  looking  for  domestic  fuller's  earth,  to  replace 
animal  charcoal  as  a  means  of  lightening  the  color  of  lubricating 
oils  by  filtration.  The  earth  proved  very  suitable  and  its  use 
extended  in  this  direction  as  well  as  to  some  extent  to  the  bleach- 
ing of  vegetable  oils.  But  for  the  latter  purpose  the  imported 
fuller's  earth  is  still  approved.  The  number  of  samples  of  clays 
which  have  been  called  fuller's  earth  and  sent  to  the  consumers 
for  examination  since  that  date,  is  almost  beyond  belief.  It  has 
been  shown  that  fuller's  earth  is  quite  widely  scattered  in  the 
northwestern  counties  of  Florida  and  the  adjacent  counties  of 
Georgia. 

*  *  In  the  latter  region  the  fact  that  it  grades  into  chalcedony 
makes  it  more  probable  that  the  fuller's  earth  is  a  chemical  pre- 
cipitate and  this  is  further  indicated  by  the  replacement  of  cal- 
cium carbonate  by  the  silica  in  many  shells  found  associated 
with  the  fuller's  earth. 

**The  Florida  and  English  fuller's  earths  differ  greatly  in 
appearance  and  to  some  extent  in  chemical  composition.  Eng- 
lish fuller's  earth  has  found  its  analogue  in  the  material  discov- 
ered at  Fairbum,  near  Rapid  City,  South  Dakota,  and  Valen- 
tine, Nebraska.  It  is  altogether  probable  that  further  develop- 
ments will  make  the  material  from  these  places  an  important  arti- 
cle for  use  in  bleaching  cottonseed  oil.  There  is  an  interesting 
difference  in  the  method  of  testing  the  Florida  fuller's  earth  as 
compared  with  the  English.  It  is  the  constant  practice  of  the 
lubricating  oil  companies  to  simply  fill  large  slightly  conical 
cylinders  with  the  fuller's  earth,  ground  to  about  forty  mesh. 


(43) 

through  which  the  oil  is  filtered  at  about  a  temperature  equal  to 
that  of  boiling  water.  At  first  the  filtrate  is  perfect!^  colorless 
and,  strange  to  say,  lighter  in  specific  gravity  and  more  fluid 
than  the  unfiltered  oil,  a  fact  which  will  probably  be  made  use 
of  in  chemical  separations  of  the  future.  I  am  now  using  this 
in  investigating  oils.  Fuller's  earth  is  used  for  bleaching  refined 
golden  cottonseed  oil  to  a  light  straw  color.  When  the  resultant 
oil  is  to  be  used  for  white  products,  such  as  lard  substitutes,  the 
fuller's  earth  is  ground  to  a  fine  powder  and  stirred  into  the  oil 
slightly  above  the  temperature  of  boiling  water.  After  a  thor- 
ough mixing  by  agitation  for  a  few  moments  the  bleached  oil  is 
simply  filtered  through  bag  presses.  Perhaps  the  most  interest- 
ing feature  of  this  use  of  fuller's  earth  is  the  very  slight  differ- 
ence in  the  two  varieties  of  fuller's  earth  in  regard  to  their 
bleaching  capacity,  which  leads  to  their  acceptance  or  rejection. 
Little  regard  is  paid  to  chemical  analysis,  but  the  tests  made  by 
filtration  on  a  small  scale  are  most  severe." 

William  H.  Kruc,  Secretary. 
CINCINNATI   SECTION. 

The  sixty-sixth  regular  meeting  of  the  section  was  held  on 
Wednesday,  February  15th,  in  the  Chemical  Lecture  Room  of 
Hanna  Hall,  University  Buildings,  with  twenty-one  members 
present,  and  President  Simonson  in  the  chair. 

Prof.  T.  H.  Norton  gave  some  additional  information  regard- 
ing the  occurrence  of  the  diamond  in  Wisconsin,  in  continua- 
tion of  his  paper  read  at  the  December  meeting  on  this  subject. 
Dr.  William  Groff  then  made  a  brief  but  interesting  report  on 
some  curious  phenomena  observable  at  some  of  the  Egyptian 
pyramids,  notably  the  will-o'-the-wisp,  a  phenomenon  that  has 
given  rise  to  much  superstitious  interpretafion  by  the  inhabitants 
of  that  region.  The  possible  origin  of  this  phenomenon  was  the 
subject  of  some  discussion.  Prof.  George  Jackson  then  read  a 
short  paper  on  the  discovery  of  radium,  a  new  element,  and  on 
the  occurrence  of  hydrogen  in  the  atmosphere  as  a  regular  con- 
stituent. Prof.  John  Uri  Lloyd  finally  gave  some  interesting 
notes  on  the  early  history  of  salicylic  acid  in  the  United 
States.  In  this  connection  he  called  attention  to  a  peculiar  reac- 
tion which  takes  place  between  salicylic  acid  and  borax,  result- 
ing, under  certain  conditions,  in  the  formation  of  an  exceedingly 
bitter  compound.  This  reaction  was  observed  by  Prof.  Lloyd 
and  others  many  3'ears  ago,  and  was  studied  in  detail  by  £. 

JahnS  in  1878.*  S.  Waldbott,  5«cr</ary. 

1  Arch,  d.  Pharm.^  sia,  aia. 
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NSW  YORK  SECTION. 

The  regular  monthly  meeting  of  the  New  York  Section  of  the 
American  Chemical  Society  was  held  on  Friday  evening,  the  loth 
inst.,  at  the  Chemists*  Club,  108  West  Fifty-fifth  street,  Dr.  Wm. 
McMurtrie  presiding  and  eighty-five  members  present.  Dr. 
Doremus  made  a  special  announcement  of  the  annual  exhibition 
of  the  New  York  Academy  of  Sciences,  and  urged  any  members 
having  new  and  interesting  material  to  contribute  the  same  to 
the  exhibit's. 

The  following  papers  were  then  read  : 

(i)  **  Preparation  of  Graphitoidal  Silicium,"  by  Frederick  S. 
Hyde. 

(2)  **  The  Conservation  of  Energy  in  the  Human  Body,'*  by 
W.  O.  Atwater. 

(3)  **  Paraffin  as  an  Adulterant  of  Oleomargarine,"  by  Joseph 
F.  Geisler. 

(4 )  '  *  Manufacture  of  Pure  Phenyldimethy Ipy razolonsulphonic 

Acid,*'  by  L.  H.  Renter. 

(5)  '*  Manufacture  of  /^-Naphthalenesulphonic  Acid  and 
Benzoylsulphonic  Acid  for  the  Manufacture  of  Ether,"  by  L.  H. 
Renter. 

(6)  **0n  the  Determination  of  Sulphur  in  Sulphites,"  by  A. 
Bourgougnon. 

While  the  first  paper  was  before  the  meeting,  the  president  of 
the  society,  Prof.  E.  W.  Morley,  of  Cleveland,  arrived,  and  was 
invited  to  take  the  chair.  He  made  a  few  remarks  on  the  inter- 
est taken  in  the  section  by  its  members,  as  evidenced  not  only  by 
the  full  attendance  and  interesting  list  of  papers  to  be  read  at 
this  meeting,  but  by  the  uniformly  high  character  and  abundance 
of  material  announced  for  each  and  every  meeting. 

Prof.  Atwater  stated  that  the  large  calorimeter  chamber  in 
which  a  man  can  live  for  a  week  or  more  at  a  time,  has  been  so 
perfected  that  an  analysis  of  pure  alcohol  by  combustion  can  be 
made  in  it  to  within  one-tenth  per  cent,  of  the  theoretical  compo- 
sition. The  results  on  the  calorific  value  of  foods  as  consumed 
in  the  human  body,  agree  very  closely  with  the  results  calcula- 
ted from  experiments  with  the  bomb  calorimeter.  The  chief  diffi- 
culties at  present  are  in  regard  to  certain  constants,  as  for  instance 
the  value  of  the  calorie,  the  latent  heat  of  evaporation  of  water  at 
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different  temperatures,  etc.  The  calculation  of  the  observations 
from  a  week's  run  of  the  calorimeter  chamber  is  itself  an  a.rduous 
and  exacting  piece  of  work.  Thus  far  the  law  of  the  conserva- 
tion of  energy  in  the  human  body  is  fully  demonstrated,  within 
a  very  small  error,  which  it  is  hoped  to  eliminate  entirely. 

J.  P.  Geisler  exhibited  a  sample  of  paraffin  extracted  from 
adulterated  butter,  which  contained  about  forty-five  grains  of 
the  wax  per  ounce. 

Butter  samples  had  been  purchased  in  New  York  and  vicinity 
containing  from  5  to  11.75  per  cent,  paraffin. 

DURARD  Woodman,  Secretary, 
NORTH  CAROLINA  SECTION— ANNUAL  MEETING,  FEB.  II,  1899. 

The  fourth  annual  meeting  was  held  in  the  office  of  the  state 
chemist  in  Raleigh,  beginning  at  11.30  o'clock,  a.m.  Thir- 
teen members  were  present.  Reports  were  read  from  the  Com- 
mittee on  Membership,  and  from  the  delegates  to  the  first  and 
second  conventions  of  the  National  Pure  Food  and  Drug  Con- 
gress. 

A  communication  was  read  from  the  general  secretary  inform- 
ing the  section  that  its  request  as  to  headquarters  and  territory 
were  approved  by  the  society.  The  section  decided  to  approve 
the  recommendation  of  the  Washington  Section  requesting  pub- 
lishers to  make  announcements  of  new  books  on  library  cards  of 
standard  size.  The  section  decided  to  join  with  the  Washing- 
ton Section  in  recommending  to  the  society  the  publication  of 
abstracts  jointly  with  the  Chemical  Society  of  London.  The 
secretary  was  authorized  and  instructed  to  have  printed  the 
announcement  of  the  section  for  1899. 

The  following  officers  were  elected  for  the  ensuing  year  : 

President:  Dr.  Charles  Baskerville,  University  of  N,  C, 
Chapel  Hill. 

Vice-President :  Prof.  Charles  E.  Brewer,  Wake  Forest  Col- 
lege, Wake  Forest. 

Secretary  and  Treasurer:  Mr.  Charles  B.  Williams,  Assistant 
State  Chemist,  Raleigh. 

Member  of  Council  for  igoo  :  Prof.  W.  A.  Withers,  A.  and  M. 
College,  Raleigh. 

The  following  papers  were  read  : 
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1.  President's  Address  :  *  The  Nature  of  Valence,"  by  Dr. 
F.  P.  Venable. 

2.  ''  An  Observation  on  Free  and  Albuminoid  Ammonia  in 
Drinking  Water,"  by  Prof.  A.  W.  Blair. 

3.  "On  the  Occurrence  of  Chromium  and  Titanium  in  Peats 
from  the  Dismal  Swamp,"  by  Dr.  Charles  Baskerville. 

4.  *'  Iron  and  Aluminium  Phosphates  in  Commercial  Fertil- 
izers," by  Mr.  Charles  B.  Williams. 

5.  **  The  Action  of  Sodium  Malonic  Methyl  Ester  on  Dichlor- 
oxalic  Methyl  Ester,"  by  Dr.  Thomas  Clarke. 

6.  *'  Food  Adulteration  in  North  Carolina,"  by  Prof.  W.  A. 
Withers. 

7.  **  Some  Organic  Salts. of  Zirconium,"  by  Dr.  F.  P.  Vena- 
ble. 

8.  ''  A  New  Burette  Holder,"  by  Dr.  J.  M.  Pickel. 

,9.  "The  Condensation  of  Chloral  with  Ortho-,  Para-,  and 
Metanitraniline,"  by  Dr.  Charles  Baskerville. 

10.  "A  Preliminary  Report  on  Secondary  Heptylamine,"  by 
Dr.  Thomas  Clarke. 

11.  "  A  Case  of  Spontaneous  Combustion,"  by  Dr.  Charles 

Baskerville.  W.  a.  withers,  secretary. 

RHODE   ISI^AND  SECTION. 

The  regular  monthly  meeting  of  the  Rhode  Island  Section  of 
the  American  Chemical  Society  was  held  at  the  Hope  Club, 
Providence,  January  26,  1899,  at  eight  o'clock,  with  Mr.  Edward 
D.  Pearce  as  presiding  officer. 

After  dinner,  Mr.  Walter  M.  Saunders  presented  the  paper  of 
the  meeting  on  **  Alloys."  His  remarks  were  supplemented  by 
lantern-slides,  showing  phenomena  connected  with  the  dissolv- 
ing of  one  metal  in  another,  and  the  subsequent  crystallizing 
when  cooled. 

Attention  was  called  to  the  fact  that  varying  proportions  of 
common  salt  and  water  change  materially  the  solidifying-point 
of  the  mixture.  On  a  chart  it  was  shown  that  the  freezing-point 
of  the  mixture  is  lowered  until  a  so-called  eutectic  alloy  is  ob- 
tained, when  the  point  again  is  higher,  according  to  the  propor- 
tions. From  analogy  the  same  is  observed  in  certain  mixtures 
of  metals. 
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The  regular  monthly  meeting  of  the  Rhode  Island  Section  of 
the  American  Chemical  Society  was  held  at  the  Hope  Club, 
Providence,  February  23,  1899,  at  eight  o'clock,  with  Mr. 
Edward  D.  Pearce  as  presiding  officer. 

After  dinner,  the  members  and  guests  went  to  the  Chemical 
Laboratory  of  Brown  University.  Dr.  E.  A.  Pourneaux  presented 
the  paper  of  the  evening  on  **  The  Process  of  Mercerizing.*' 

When  cotton  cloth  or  yam  is  immersed  in  a  strong  solution  of 
caustic  soda  for  a  few  seconds,  washed  and  stretched,  the  condi- 
tion of  the  fiber  is  greatly  changed  in  appearance  and  in  its  con- 
duct towards  dye-stuffs.  Dr.  Pourneaux  was  able  to  show  by 
experiments,  performed  before  his  audience,  how  samples  of  the 
same  kind  of  cloth  dyed  with  a  common  material  but  treated 
di£Ferently  in  mercerizing,  may  vary  in  finish  and  shade.  If  the 
cloth  is  printed  with  substances  which  protect  the  fibers  in  the 
process  of  mercerizing  and  then  dyed,  a  figure  may  appear  on 
the  surface,  caused  by  the  difference  in  shade  between  the  parts 
mercerized  and  dyed,  and  the  parts  unmercerized  and  dyed. 

Waltrk  E.  Smith,  Secretary, 


CORRESPONDENCE. 

To  the  Editor  of  the  Journal : 

My  Dear  Professor  Hart  :  In  connection  with  the 
minutes  of  the  meeting  of  the  Board  of  Directors  enclosed  here- 
with, I  would  like  to  call  the  attention  of  the  members  of  the 
society  especially  to  the  investment  which  has  just  been 
made  for  a  permanent  **  Life  Membership  Pund,"  and  also 
to  the  fact  that  this  has  been  promptly  followed  by  the  pay- 
ment of  a  life  membership  fee  of  $100,  just  received  from  Profes- 
sor Charles  E.  Munroe.  Doubtless  there  are  others  who  will  be 
glad  to  avail  themselves  of  the  opportunity  of  becoming  life 
members  or  life  associates,  when  they  know  that  the  policy  of  the 
society  is  now  definitely  fixed  to  maintain  a  permanent  fund, 
separately  invested,  covering  all  life  membership  fees  which  the 
society  has  ever  received,  or  which  shall  hereafter  be  paid  ;  and 
that  this  fund  will  be  administered  in  accordance  with  the  fol- 
lowing provisions  of  the  Constitution  : 

"Article  I,    Section  6.     Any   member  or  associate,    not  in 
arrears,  paying  at  any  one  time  the  sum  of  one  hundred  dollars 
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into  the  treasury  of  the  society,  as  commutation  for  dues,  shall 
become  a  life  member  or  life  associate,  shall  be  exempt  from  the 
farther  payment  of  annual  dues,  and  shall  receive  all  the  regu- 
lar publications  of  the  society." 

**  Article  X,  Section  2.  All  funds  received  for  life  member- 
ship shall  be  invested  as  soon  as  possible  and  shall  constitute  a 
trust  fund  to  be  known  as  the  '  Life  Membership  Fund,'  which 
shall  be  held  in  perpetuity  to  guarantee  the  future  interests  of 
such  life  members.  The  interest  of  such  fund  not  required  for 
the  above-named  purposes  shall  be  set  aside  as  a  '  Research 
Fund,'  from  which  appropriations  may  be  made  annually  by 
the  council,  but  only  for  the  purposes  of  chemical  research." 

Yours  very  truly, 

Albert  C.  Halb, 

Secretary  of  the  American  Chemical  Society. 


Issued  with  May  Number,  1899. 
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COUNCIL, 

The  Council  has  authorized  the  establishment  of  a  section  to 
be  known  as  the  Philadelphia  Section,  with  headquarters  in 
Philadelphia,  Pa.,  and  with  a  territory  with  a  radius  of  sixty 
miles  from  the  Philadelphia  City  Hall  where  this  does  not  con- 
flict with  the  territory  of  any  existing  section. 

NAMES  PROPOSED    FOR  MEMBERSHIP. 

Austin,  Ned  M.,  Leechburg,  Pa. 
Bancroft,  Wilder  D.,  7  East  Ave.,  Ithaca,  N.  Y. 
Brown,  Herman  E.,  Coldwater,  Mich. 

Carel,  Herbert  C,  Dept.  of  Med.,  Univ.  of  Minn.,  Minneapo- 
lis, Minn. 

Chace,  Edward  M.,  Berwyn,  Md. 

Clements,  Frank  O.,  Westerville,  Ohio. 

Cook,  Charles  G.,  Boys'  High  School,  Brooklyn,  N.  Y. 

Faust,  John  K.,  Carpenter  Steel  Co.,  Reading,  Pa. 

Folsom,  Herbert  A.,  Atlantic  Mills,  Olneyville,  R.  I. 

Foster,  John,  Woodward,  Ala. 

Hinckley,  J.  Fred.,  care  B.  T.  Babbitt  &  Co.,  N.  Y.  City. 

Lloyd,  George,  52  Dearborn  St.,  Chicago,  111. 

Longstafl,  J.  P.,  Chem.  Lab.,  Univ.  of  Edinburgh,  Scotland. 

Loos,  Edward  A. ,933  N.  Front  St.,  Philadelphia. 

McDowell,  Alexander  H.,  457  W.  21st  St.,  N.  Y.  City. 

Motion,  John,  care  John  Ellis  &  Co.,  Edgewater,  N.  J. 

Nelson,  N.,  III.  Steel  Co.,  South  Chicago,  111. 

Nichols,  Herbert  T.,  Springs  Junction,  Arizona. 

Primrose,  H.  W.,  Exp.  Station,  Raleigh,  N.  C. 

Pullman,  F.  Cooper,  Carpenter  Steel  Co.,  Reading,  Pa. 

Van  Brunt,  Charles  G.,  Augu.stine,  Kas. 

Ware,  Ezra  J.,  221  Baldwin  Ave.,  Detroit,  Mich. 

Worden,  Edward  C,  103  W.  42nd  St.,  N.  Y.  City. 

NAMES  PROPOSED  FOR  ASSOCIATE  MEMBERSHIP. 

Ashley,  Harrison  E.,  6  Rutland  Square,  Boston,  Mass. 
Darke,  Jesse  M.,  Gen.  Elec.  Steel  Foundry  Co.,  West  Lynn, 
Mass. 
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Knight,  Geo.  W.,  38  Rosseter  St.,  Boston,  Mass. 
Powell,  Thomas  H.,  53  S.  Main  St.,  South  Norwalk,  Conn. 
Skinner,  Hervey  J.,  15  Chestnut  St.,  Wakefield,  Mass. 
Summey,  Albert  E.,  46  Main  St.,  Bradford,  Pa. 
Teasdale,  Wm.  S.,  The  Teasdale  Dye  House,   Race  St.,  Cin- 
cinnati, Ohio. 

CHANGBS  OP  ADDRESS. 

Arnold,  Fred.  N.,  Jr.,  117  Huffman  Ave.,  Dayton,  Ohio, 
Austen,  Peter  T.,  218  St.  Johns  Place,  Brooklyn,  N.  Y. 
Best,  Otto,  Daggett,  Cal. 

Briggs,  T.  Lynton,  Box  533,  Ridgewood,  N.  J. 
Cottle,  George  T.,  39  Curtis  Ave.,  Wallingford,  Conn. 
Gies,  William- J.,  437  W.  59th  St.,  New  York  City. 
Hall,  Arthur  W.,  care  Ziegler  Electric  Co.,  141  Franklin  St., 
Boston,  Mass. 
Hanna,  Prof.  Geo.  B.,  Box  26,  Charlotte,  N.  C. 
Hicks,  Edwin  F.,  203  W.  8ist  St.,  New  York  City. 
Jones,  Clemens  C,  908  W.  Franklin  St.,  Richmond,  Va. 
Kelley,  J.  H.,  321  N.  Vine  St.,  Nashville,  Tenn. 
LaBach,  J.  O.,  Pleasant  Ridge,  Hamilton  Co.,  Ohio. 
Lerch,  Fred.,  Hibbing,  Minn. 

Ludlow,  Gabriel,  The  Commercial  Guano  Co.,  Savannah,  Ga. 
Maury,  G.  P.,  Mount  Iron,  St.  Louis  Co.,  Minn. 
Nelson,  E.  K.,  159  E.  47th  St.,  Chicago,  111. 
Poole,  Herman,  357  Canal  St.,  N.  Y.  City. 
Quinan,  W.  R.,  Wellington,  South  Africa. 
Roller,  H.  C,  Roselle,  N.  J. 
Saltar,  J.  C,  Pemberton,  N.  J. 
Schweitzer,  Hugo,  427  W.  117th  St.,  N.  Y.  City. 
Seamon,  W.  H.,  Box  97,  El  Paso,  Texas. 
Smith,  Horace  T.,  137  E.  Main  St.,  Bridgeport,  Conn. 
Takamine,  Jokichi,  475  Central  Park,  West,  New  York  City. 
Thatcher,  Charles,  132  Columbia  Heights,  Brooklyn,  N.Y. 
Van  Ingen,  Dudley  A.,  care  N.  J.  Zinc  Co.,  Newark,  N.  J. 
Wakeman,  Alfred  J.,  Greenwich,  Conn. 
Wigfall,  E.  Newton,  Box  257,  Somerville,  N.  J. 
Wolcott,  James  T.,  255  Ellicott  St.,  Buffalo,  N.  Y. 


MEETINGS  OF  THE  SECTIONS. 

CHICAGO  SECTION. 

The  February  meeting  of  the  Chicago  Section  was  held  at  the 
Technical  Club  on  Thursday,  the  28th.  The  program  consisted 
of  a  paper  by  Wm.    Hoskins  **  On  the  Chlorination  of  Gold 
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Ores."     This  was  followed  by  a  general  discussion  of  the  sub- 
ject. 

At  the  27th  regular  meeting  of  the  Chicago  Section  held  at 
the  Technical  Club,  March  29th,  Mr.  Clement  W.  Andrews, 
Librarian  of  the  John  Crerar  Library,  gave  a  paper  on  **  Some 
Proposed  Recent  and  Proposed  Scientific  Bibliographical  Work." 
Prof.  W.  D.  Bancroft,  of  Cornell  University,  then  gave  an  infor- 
mal talk  on  the  relation  between  physical  chemistry  and  tech- 
nical chemistry.  p.  b.  Dains,  Secretary. 

COLUMBUS  SECTION. 

Since  the  last  report,  the  following  papers  have  been  read  and 
discussed  before  the  Columbus  Section. 

1.  ''The  Summer  Meeting  of  the  American  Association  for 
the  Advancement  of  Science,"  by  Prof.  H.  A.  Weber. 

2.  '*  Technical  Analysis"  by  Prof.  N.  W.  Lord. 

The  speaker  discussed  *  *  Short  Methods' '  in  chemical  analysis 
and  called  attention  to  the  danger  of  devoting  too  much  time 
to  teaching  them  at  the  expense  of  the  training  of  students  in 
chemical  science,  thus  giving  a  sort  of  **  cook-book"  knowledge 
of  chemical  processes ;  the  student  is  thus  left  poorly  prepared 
to  meet  the  demand  for  wide-awake  chemists  ready  for  whatever 
may  come  to  them  in  the  rapidly  increasing  range  of  analytical 
necessities. 

3.  "  Essential  Oils"  by  Prof.  G.  B.  Kauffman. 

The  subject  was  considered  under  two  heads  : 

a.  Natural  oils — their  source,  preparation,  and  properties. 

b.  Artificial  oils — their  preparation,  properties,  and  relation 
to  the  corresponding  natural  oils.  In  some  cases,  as  oil  of  win- 
tergreen,  the  two  are  identical,  while  in  others  they  simply  pos- 
sess similar  properties. 

Attention  was  called  to  the  frequent  use  of  the  artificial  for 
the  natural  products  and  of  the  difficulty  which  the  physician 
and  pharmacist  experience  in  distinguishing  between  the  two. 
Even  in  the  case  of  oil  of  wintergreen,  there  is  still  a  demand 
for  the  natural  product. 

4.  **Drug-Using  and  Drug- Proving,"  by  Prof.  C.  A.  Dye. 

The  speaker  discussed  the  distinction  usually  made  between 
empirical  and  rational  therapeutics,  and  gave  a  general  outline 
of  the  methods  employed  for  scientific  drug-proving,  including 
the  experiments  on  the  lower  forms  of  life,  and  the  application 
of  the  knowledge  thus  obtained  to  the  treatment  of  diseases. 
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5.  **The  Winter  Meeting  of  the  American  Chemical  Society," 
by  Prof.  W.  A.  Henderson. 

The  following  officers  have  been  elected  for  the  ensuing  year: 

President— n.  A.  Weber. 

Secretary — William  McPherson. 

Treasurer — O.  R.  Flynn. 

Executive  Committee — H.  A.  Weber.  Wni.  McPherson,  and 
O.  R.  Flynn. 

Member  of  Council — N.  W.  Lord. 

Committee  on  Membership — Geo.  B.  Kauffman.  A.  M.  Bleile, 
and  N.  W.  Lord. 

The  section  has  accepted  an  invitation  from  the  Cincinnati 
Section  for  a  joint  meeting  to  be  held  on   the  evening  of  April 

i5tli. 

The  following  are  the  abstracts  of  the  papers  presented  at  the 
regular  monthly  meeting  held  April  5,  1899. 

Mr.  Poulk  gave  a  short  account  of  his  experience  with  the 
solubility  of  platinum  in  fused  sodium  carbonate.  When  an 
iron  ore  is  fused  and  subsequently  titrated  with  bichromate  after 
reduction  with  stannous  chloride,  the  complication  introduced  by 
the  presence  of  small  amounts  of  platinum  is  very  troublesome 
and  may  lead  to  a  serious  error  in  the  result. 

A  direct  experiment  showed  that  in  one  hour  14.3  milligrams 
of  platinum  were  dissolved  from  forty-four  cm.  surface  exposed. 

Mr.  Poulk  referred  to  the  absence  of  any  reference  in  the  text- 
books to  this  solubility  of  platinum  and  gave  the  few  statements 
in  the  periodical  literature  which  he  had  been  able  to  find. 
Under  the  ordinary  conditions  of  a  fusion,  from  one-half  to  one 
milligram  of  platinum  was  dissolved  from  the  crucible.  This 
agreed  with  the  experiments  of  Dr.  Koenick  and  Mahon  which 
were  referred  to. 

Mr.  Peppel  read  a  short  paper  giving  the  results  of  some  ex- 
periments on  the  stability  of  sodium  thiosulphate  solutions. 
The  conflicting  statements  of  the  text-books  and  of  the  period- 
ical literature  were  first  referred  to  and  then  the  results  of  a  ser- 
ies of  laboratory  experiments  were  given. 

Various  methods  were  used  in  preparing  the  thiosulphate  but 
in  only  one  case — when  the  recrystallized  salt  had  been  washed 
in  ether  and  alcohol — was  a  product  obtained,  the  calculated 
weight  of  which  could  be  used  in  preparing  standard  solutions. 
By  using  ordinary  care  in  making  up  the  solutions,  Mr.  Peppel 
found  then}  to  remain  constant  for  four  months  which  was  the 
time  the  experiments  had  been  going  in.     No  extra  precautions 


(53) 

were  taken  in  keeping  the  thiosulphate.  Solutions  were  con- 
tained in  clear  glass  bottles  and  in  no  way  protected  from  the 
light. 

Mr.  Vinson  discussed  the  * 'Mechanical  Separation  of  Butter- 
fat  from  Milk."  The  Alpha  separator  which  was  used  in  his 
experiments  was  explained  by  means  of  charts.  The  milk  sep- 
arated from  the  butter-fat  by  this  machine  showed  the  presence 
of  o.oi  per  cent,  butter-fat  according  to  the  Babcock  tester. 
Careful  analyses  made  by  the  Adams  method,  using  sufficient 
paper  to  absorb  fifteen  grams  of  the  milk,  gave  o.ii  per  cent, 
butter-fat.  The  separators  used  in  the  University  Dairy  School 
recover  ninety-eight  per  cent,  of  the  butter-fat.  Some  observa- 
tions were  also  given  on  the  melting-point  of  butter- fat  from  pas- 
teurized milk,  which  subject  the  author  will  carefully  investi- 
gate. Wiij.iamMcPiip.r8on,  Sv-rr/ary. 

CINCINNATI   SECTION. 

The  sixty-seventh  regular  meeting  of  the  section  took  place 
on  Wednesday,  March  15th,  in  the  Chemical  Lecture  Room  of 
Hanna  Hall,  University  Buildings,  and  was  the  occasion  of  a 
joint  meeting  with  the  Cincinnati  Academy  of  Pharmacy. 
Twenty-three  members  were  in  attendance,  President  Simonson 
in  the  chair. 

A  resolution  adopted  by  the  Washington  Section  having  been 
received  and  communicated  at  the  previous  meeting,  with  refer- 
ence to  the  feasibility  of  suggesting  to  the  London  Chemical 
Society,  through  appropriate  channels,  the  separate  publication 
of  their  **  Abstracts'*  under  the  auspices  of  the  London  and  the 
American  Chemical  Societies,  conjointly,  was  unanimously  en- 
dorsed at  this  meeting. 

Prof.  John  Uri  Lloyd  read  a  paper,  entitled  '*An  Investigation 
into  *Husa,*  an  Asserted  Plant  Preparation  to  Cure  the  Opium 
Habit.'' 

Prof.  Lloyd  was  able  to  secure  authentic  specimens  of  the 
preparation  consisting  of  ten  numbered  bottles,  each  containing 
about  ninety  cc.  of  a  uniformly  brown  liquid.  According  to  a 
printed  label  they  bear,  the  collection  represents  the  amount  to 
be  used  in  the  first  month's  treatment.  The  cost  of  this  supply 
is  ten  dollars.  A  preliminary  analysis  of  the  contents  of  one  of 
the  bottles  brought  to  light  the  following  ingredients  :  Mor- 
phine 1.3  percent,  (approximately),  present  as  sulphate  ;  sal- 
icylic acid,  0.16  per  cent.;  alcohol,  12  per  cent.;  glycerol  10 
per  cent.,  and  coloring-matter,  probably  burnt  sugar. 

A  subsequent  assay  of  each  of  the  ten  specimens  for  morphine 
showed   that  the  quantity   of   morphine  present   gradually  de- 
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creased  from  2.19  per  cent,  to  1.33  percent.  The  morphine  ob- 
tained conformed  to  all  the  tests  of  the  U.  S.  Pharmacopoeia, 
and  in  addition,  to  Mayer's  alkaloidal  test  as  well  as  to  the  iodic 
acid  test. 

A  prolonged  discussion  followed  the  reading  of  the  paper. 

Upon  motion,  the  meeting  adjourned. 

S.  Walduott,  Secretary. 
NEW  YORK  SECTION. 

The  regular  monthly  meeting  of  the  New  York  Section  of  the 
American  Chemical  Society  was  held  at  the  Chemists'  Club,  108 
West  Fifty-fifth  Street,  on  Friday  evening,  April  7th,  Dr.  Wm. 
McMurtrie  presiding,  and  about  sixty-five  members  present. 

The  following  papers  were  read  :  **The  Toxic  Action  of  So- 
dium Fluoride,"  by  H.  B.  Baldwin.  **The  Chemistry  of  the 
By-products  of  Coke  Ovens,"  by  J.  D.  Pennock.  ** Notes  on  the 
Chemistry  of  the  Carbides,"  by  J.  A.  Matthews.  **The  Distri- 
bution of  Alkali  in  Montana,"  by  F.  W.  Traphagen  and  W,  M. 
Cobleigh  ;  read  by  Mr.  Cobleigh. 

Ddrand  Woodman,  5err«/ar|r. 


CORRESPONDENCE. 

United  States  Commission  to  the  Paris  Exposition 

OF  1900. 

Chicago  Offices,  April  4.  1899. 
Gentlemen  : 

For  the  benefit  of  the  trade  which  you  represent  will  you 
please  state  that  all  who  desire  to  exhibit  in  the  Paris  Exposi- 
tion of  1900  are  requested  to  immediately  notify  this  office,  if 
they  have  not  already  done  so,  in  order  that  they  may  be  con- 
sidered in  the  allotment  of  space  which  will  soon  be  made. 
While  there  are  many  applications  on  file  in  every  line  of  indus- 
try, it  is  desirable  that  the  American  Sections  be  not  only  repre- 
sentative of  this  country  but  also  represent  the  largest  possible 
number  of  producers.  Both  our  commercial  interests  and 
national  pride  demand  that  our  works  be  entered  in  this  most 
important  International  Exposition.  It  is  estimated  that  fully 
60,000,000  people  from  every  part  of  the  globe  will  attend,  and 
it  will  be  an  opportunity  to  greatly  increase  our  foreign  trade 
and  to  demonstrate  that  the  United  States  is  supreme  in  tne  arts 
of  peace.***  Respectfully, 

John  H.  McGibbons, 
Director  of  Exploitaiion . 

Approved,  Ferdinand  W.  Peck, 

Commissioner'  General, 


Issued  with  June  Number,  1899. 
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COUNCIL. 

The  resignation  of  Charles  P.  McKenna  was  accepted  by  the 
Council,  April  28,  1899,  the  Council  adopting  the  following 
resolutions : 

'*  Resolved,  That  the  Council  of  the  American  Chemical  Society, 
in  accepting  the  resignation  of  Dr.  Charles  P.  McKenna, 
Treasurer,  takes  such  action  with  very  deep  regret,  and  only 
upon  the  urgent  representation  by  Dr.  McKenna  that  the 
demands  of  his  private  business  prevent  any  consideration  of  his 
continuing  to  perform  the  duties  of  said  office. 

''Resolved,  Further,  that  the  Council,  in  behalf  of  the  Society, 
herewith  expresses  to  Dr.  McKenna  its  high  appreciation  of  his 
long-continued,  faithful,  and  laborious  services  as  Treasurer, 
and  its  sincere  thanks  for  the  efficient  administration  of  the 
duties  of  his  office.  It  is  a  matter  of  special  gratification  to  the 
officers  and  members  that  the  financial  affairs  of  the  Society  are 
to-day  in  better  condition  than  ever  before,  and  the  Council  takes 
pleasure  in  recording  that  this  result  is  very  largely  due  to  the 
wise,  conservative  business  management  of  the  retiring  Treas- 


urer." 


At  the  same  time  Albert  P.  Hallock  was  elected  Treasurer  of 
the  Society. 

On  May  9,  the  Council  adopted  the  following  resolutions: 

(i)  Resolved/ Thsit  the  resignation  of  Mr.  Marston  Taylor 
Bogert  as  Librarian  of  the  American  Chemical  Society  be  ac* 
cepted,  and  that  the  thanks  of  the  Society  be  hereby  tendered 
to  Mr.  Bogert,  through  the  Council,  for  his  efficient  services  in 
that  office. 

(2)  Resolved,  That  Professor*  A.  A.  Breneman  be,  and  is 
hereby,  authorized  and  employed  to  serve  as  Acting  Librarian  of 
the  American  Chemical  Society  until  a  permanent  librarian  shall 
be  elected. 

The  Librarian  has  been  authorized  to  have  an  edition  of  300 
copies  of  the  Journal  for  January,  1899,  printed  by  the  Chemical 
Publishing  Company  at  $1.05  per  page,  according  to  the  bid 
submitted  by  said  Company. 
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The  section  adopted  the  third  Thursday  of  each  month,  ex- 
cept July  and  August,  for  stated  meetings  of  the  section. 

D.  W.  Harding  read  a  paper  on  the  "Derivatives  of  the  Atomic 

Mass  of  Palladium. ' '  F.  E.  Dougb.  secretary. 

RHODB  ISLAND  SECTION. 

The  regular  monthly  meeting  of  the  Rhode  Island  Section  of 
the  American  Chemical  Society  was  held  at  the  Hope  Club, 
Providence,  April  27,  1899,  with  Mr.  Edward  D.  Pearce  as 
presiding  officer. 

After  dinner,  Mr.  Charles  A.  Catlin  of  the  Rumford  Chemical 
Compauy,  presented  a  paper  on  * 'Culinary  Phosphates." 

The  reader  referred  briefly  to  the  history  of  cooking,  lay- 
ing particular  stress  upon  the  early  appreciation  of  the  dietetic 
value  of  a  light  cellular  structure  in  bread,  with  a  very  general 
reference  to  various  ways  and  means  adopted  for  its  attainment, 
citing  as  one  of  the  most  efficient,  the  aeration  of  the  dough 
through  the  evolution  within  it  of  carbon  dioxide  by  chemical 
reaction  between  an  alkaline  bicarbonate  and  an  acid  or  acid 
salt,  and  calling  attention  to  the  fact  that  it  was  as  an  agent  in 
this  latter  operation  that  culinary  phosphates  play  their  part. 
The  history  of  the  culinary  application  of  the  phosphates  is 
interesting.  The  peculiar  behavior  of  phosphoric  acid  and  its 
salts  had  been  most  perplexing.  Graham*s  classic  research  in 
1833  furnished  a  clearer  conception  of  these  and  roused  great 
interest  in  their  study.  Liebig  pushing  on  in  his  brilliant 
career  found  them  everywhere  associated  with  life,  and  finally 
proved  them  essential  to  life  of  every  form.  Horsford,  the  pupil 
and  assistant  of  Liebig,  caught  the  inspiration  of  the  master  and 
finally  his  inventive  genius  suggested  the  employment  of,  in  place 
of  the  questionable  acids  and  acid  salts  used  in  connection  with 
sodium  bicarbonate  as  leavening  agents,  acid  phosphate  of 
calcium.  It  was  many  years  however  before  careful  research 
enabled  him  to  present  the  article,  under  the  name  of  cream  of 
tartar  substitute,  in  any  reasonable  commercial  condition  be- 
cause of  its  extremely  acid  and  deliquescent  character.  Finally 
the  discovery  of  a  process  for  the  manufacture  of  monocalcic 
phosphate  preparations  without  the  deliquescent  free  phosphoric 
acid  has  so  improved  it  that  it  has  made  a  place  for  itself  per  se 
no  longer  as  a  substitute  but  standing  by  itself  alone,  now  known 
as  **  phosphate  acid.  *'  The  reader  called  attention  to  the  un- 
desirable qualities  of  preparations  of  this  kind  wherein  free 
phosphoric  acid  present  induces  too  rapid  evolution  of  the  gas  of 
the  bicarbonate  when  mixed  therewith  in  use,  as  well  as  to  the 
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deliquescent  property  of  such  compound  prohibiting  their  safe 
employment  in  baking-powders;  gave  methods  also  for  the 
determination  of  these  qualities  exactly,  calling  attention  to  the 
uncertainties  of  estimations  of  value  based  wholly  upon  the 
titration  with  caustic  alkali  solutions,  never  having  found  in  his 
experience  of  twenty-six  years  and  the  examination  of  many 
thousand  samples,  a  single  case  wherein  the  equivalent  sodium 
bicarbonate  as  shown  by  the  titration  process  could  be  made  to 
evolve  its  entire  carbon  dioxide  under  the  conditions  of  the 
baking  process,  despite  statements  to  the  contrary  based 
evidently  upon  purely  theoretical  considerations.  Attention 
was  called  to  the  use  of  normal  phosphoric  acid  solutions  in  in- 
direct titration  of  such  compounds.  Attention  was  also  called  to 
the  secondary  reaction  of  monocalcic  phosphate  with  sodium  bicar- 
bonate in  presence  of  artificial  hydrated  calcium  sulphate  and 
showing  its  value  in  certain  baking  operations  which,  however, 
unrecognized  by  food  inspectors  is  sometimes  condemned  as 
adulteration  of  terra  alba.  Manufacturers  of  monocalcic  salts 
are  often  put  to  great  expense  and  trouble  to  remove  from  their 
goods  this  incidental  impurity  which  really  in  some  kinds  of 
baking  work  may  be  a  valuable  assistant. 

Baking-powders  in  which  monocalcic  phosphate  preparations 
are  used,  could  formerly  be  presented  commercially  only  in  tightly 
sealed  bottles;  now,  by  reason  of  great  advances,  the  manu- 
facture of  a  monocalcic  phosphate  preparation  without  deliques- 
cent properties  has  been  attained,  and  the  goods  are  sold  in 
ordinary  unsealed  cans;  these  improved  goods  have  perfect 
commercial  stability. 

The  reader  then  gave  methods  for  determining  the  relative 
commercial  stability  of  baking-powders:  Having  determined 
in  eacn  the  carbon  dioxide  content,  weighed  samples  of  the 
powders  to  be  compared  are  exposed  to  the  humid  atmospheric 
influence  obtained  by  suspending  them  over  water  under  a  bell 
glass,  and  the  carbon  dioxide  determined  in  each  after  the  same 
length  of  exposure,  relative  loss  under  same  conditions  and 
during  exactly  the  same  periods  of  time  indicating  relative 
stability.  Attention  was  called  to  the  fact  that,  not  alone 
the  amount  of  available  carbon  dioxide,  but  the  conditions  under 
which  it  was  evolved,  determined  the  leavening  value  of  a 
baking-powder,  and  gave  methods  for  the  determination  of  these. 

Finally  particular  attention  was  called  to  the  usefulness  of 
determination  of  the  gravimetric  density  taken  in  connection 
with  available  carbon  dioxide  content  in  the  valuation  of  a 
baking-powder.  Domestic  use  of  baking-powders  is  always  by 
measure,  never  by  weight.  Experience  has  proved  that  the 
most  efficient  work  in  ordinary  practice  of  cooking  is  obtained 
from  a  baking-powder  capable  of  yielding  about  fifty  times  its 
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volume  of  available  gas ;  very  much  more,  or  very  much  less 
than  this  in  the  ordinary  cook's  practice,  yields  poor  results. 
Methods  of  arriving  at  a  measure  of  the  volumes  of  baking- 
powders  and  apparatus  employed,  were  described.  The  most 
reliable  commercial  gravimetric  density  is  that  obtained  through 
the  volume  of  the  powder  as  purchased  in  the  can  and  the  weight 
of  the  same.  Other  standards,  such  as  per  cent,  by  weight  of 
available  gas,  for  instance,  are  liable  to  be  misleading. 

Waltkr  K.  Smith,  Secretary. 
CHICAGO    SECTION. 

The  28th  meeting  of  the  Chicago  Section  was  held  at  the 
Technical  Club,  Friday,  April  28th,  1899. 

Dr.  J.  H.  Long  gave  a  brief  talk  on  **Oils,"  after  which  the 
section  adjourned  to  the  convenient  laboratory  of  the  Dearborn 
Drug  and  Chemical  Co.,  29  Rialto  Building,  where  Mr.  W.  A. 
Converse  described  the  physical  testing  of  oils  illustrating  by  a 
number  of  practical  tests. 

Prof.  H.  W.  Wiley,  of  Washington,  while  in  Chicago  as  an 
expert  in  the  Pure  Food  Investigation,  was  given  a  dinner  by 
the  local  section  at  the  Technical  Club,  May  10,  1899.  After 
the  dinner,  the  members  had  the  pleasure  of  listening  to  informal 
addresses  from  Prof.  Wiley  and  from  Mr.  Wm.  McMurtrie  of 
the  New  York  Section,  who  was  also  the  guest  of  the  club. 

F.  B.  Da  INS,  Secretary. 


